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Chapter 1 


BASIC CONCEPTS 


HISTORICAL BACKGROUND OF ATOM 


Greek philosophers 


Greek philosophers thought that matte 
Particles to reach a basic unit which ¢ 
these smallest indivisible particles 
indivisible. These ideas of Greek phil 

th 
17, Century work 


In the late 17" century, the quantitative study of the composition of pure 
substances disclosed that a few elements were the components of many difficult 
substances. It was also investigated that how elements combined to form compounds and 
how compounds could be broken down into their constituent elements. 


Dalton’s work 


t could be divided into smaller and smaller 
ould not be further sub-divided. Democritus named 
as atoms derived from “atomos” which means 
)sophers were not based on experimental evidences. 


In 1808, an English school teacher, John Dalton recognized that law of 
conservation of mass and law of definite proportions could only be explained by the 
existence of atoms. He developed a theory about atom called Dalton’s Atomic Theory. 
The main postulate of atomic theory is that all matter is composed of atoms of different 
elements, which differ in their properties. 

Atom 
The smallest particle of an element which can take part in a chemical reaction is 
called atom. 
or 
The smallest particle of an element which may or may not exist independently is 
called atom. 
Examples 
Atoms of He, Ne, Ar, Kr, Xe and Rn can exist independently while atoms of H, 
O, N etc. do not exist independently. 
Sub-atomic particles : 
According to modern researches, atom Is composed of sub-atomic particles like 


neutron, hypron, boson, neutrino, antineutrino etc, More than 100 such 


tron, proton 
eect Prerens However, electron, proton and neutron are 


particles are thought to exist in an atom. 
regarded as fundamental particles of atoms. 
Berzelius’s work 
Swedish Chemist J. Berzelius (1779 — 
chemistry 
© He determined the atomic masses of elements. A nu 
the modern values of atomic masses. 
¢ He developed the system of giving element a symbol. 


1848) has following contribution in 


mber of his values are close to 


Dalton’s atomic theory 
Started chemistry on 
the road from a branch 
of philosophy to the 
science which it is 
today. 


Element 

A substance consisting of 
atoms which all have the 
same number of protons 
ie. the same atomic 
number. Elements are 
chemically the simplest 
substances and hence 
cannot be broken down 
further using chemical 
methods. Elements can 
only be changed into 
other elements using 


nuclear methods. 
").Berzelius (Best 
experimental chernist) 
performed more than 
2000 men 
over a 10 years 
to determine atomic 


masses for $0 
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Comparison of Berzelius’s atomic masses with modern values 
, Element | Berzelius value | Current value 
35.41 35.45 


63.00 


Chlorine 


2 MOD 
ee aoe re 


Electron microscopic 
phbtograph of graphite 


Evidence of Atoms) 


; I is not possible adtually to see the atoms but the nearest Possibility to its direct Amazingly Small Atoms; 
evidence is by using.an clectron microscope. A clear and accurate image of an object that ee it If bal 
is smaller than the wavelength of visible light, cannot be obtained. aged al is 
wa sae magnified to the size 
jemerit of compound microscope of the earth, then an 
An ordinary optical microscope can measure the size of an object up to or above atom would be the 


$00 nm (1 nm = 10" m). size of marble 
Use of electron microscope ° Take a deep breath, 
The objects of the size of an atom can be observed in an electron microscope. It you have Just 
uses beams of electrons instead of visible light, because wavelength of electron is much 
shorter than that of visiblelight and is most suitable for Viewing the atoms, 
Electron microscopic photograph of graphite 
The figure shows electron microscopic photograph of a piece-of graphite which 
has been magnified about 15 millions times. The bright band in the figure are layers of 
carbon atoms, 


Results of X-rays work 
In the twentieth century, X-rays work has shown that ; 


breathed 10° million 
atoms. 


© Diameter of atoms are of the order 2 « 10°"? m which is 0.2 nm or 2 A : 1A =10%m 
. Masses of atoms range from 10°” to 10 ** kg. They are often expressed in 
atomic mass units (amu) 
1 amu = 1.661 x 10" kg (1.661 x 10g or 1,661 x 107! mg) 


Consequence 


This shows that the atoms do exist and they are i 
s . of an amazing HM size. E 
a full stop may have two million atoms Present in it fake 


“The smallest particle of a 
oa Pure substance (el i 
exist independently is called a molecule.” (clement Or compound) which can 


Classification of Molecules 
On the basis of ()) Nature (il) Atomicity (ii) Size 


, et 
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(i) On the basis of It nature 


On the basis of nature, molecules are of two types 
(a) Homo-atomic molecules 
(b) Hetero-atomic molecules 
(a) Homo-atomic motecule 
“A molecule which is composed of same or 
atomic molecule or elemental molecule” 


one kind of atoms is called a homo- 


Examples: ©. Os. Pu, Sa ete 
(b) Hetero-atomic molecule 
“A molecule which is composed of 
atomic molecule or compound molecule” 
Examples: CO. SO», NHi, CH. etc 


Atomicity 
“The number of atoms present in a molecule is called atomicity 


different types of atoms is called a hetero- 


(Il) On the basis of atomicity 
On the basis of atomicity. molecules are of two types 


(a) Mono-atomic molecule 
(b) Polyatomic molecule 


(a) Mono-atomic molecule 
“The molecule which consists of only one atom is called mono-atomic 


molecule.” 
Examples Noble gases (He, Ne, Ar, Kr, Xe and Rn) has monoatomic molecules 


(b) Polyatomic molecule 
“A molecule which consists of two or more, same or different kinds of the atoms 
is called a polyatomic molecule.” 
Examples CO. CO), Op, Or, CsHi20, etc. 
(It can be diatomic, tri-atomic, tetra-atomic) 
(Ii) On the basis of size of molecule 
On the basis of size, molecules are of two types. 
(a) Micromolecules 
They are small in size. They are simple molecules and exist as monomer 
Examples H,0, CO, CoH, etc. 
(b) Macromolecules 
They are large in size having large number of atoms. 
Examples Haemoglobin, cellulose, starch, graphite etc 
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Q. How many times’ ; 
atom is lighter tha, Me 


Haemoglobin 
haemoglobin Molecules a 


@ Iisa blood protein. 


Ittransports oxygen from our lungs to all parts of the body (a) 68000 

¢ Each molecule of haemoglobin is made up of nearly 10,000 atoms. (b) 3a000 

¢ It is 68,000 umes heavier than a hydrogen atom (c) 17000 4 
(d) 1000 


+ Mtconta «4.00%, hydrogen, nitrogen, oxygen and iron 


ATOM 


Tone TS 


1) It is the smallest particle of a pure ‘u.bstance, 


It is the smallest particle of an element 


We ct 
is represented by a symbol. 2) It is represented by molecular formula. 


3) It shows the properties of element 3) It shows the properties of the substanc: 
c. 


4)_ It does not retain its identity in a chemical reaction, 


5) WU can be furnth ivi i 
se er sub-divided by ordinary chemical 
6) Itcan exist in free state. 


“Those species which carry either positi on 
3 ¥ positive or negative charge ions.” ooh air 
Types There are two types of ion rT si gperio 
(i) Positive ion or cation. dake nc poera 
(ii) Negative ion or anion. in cated The 
Ins, cal cations. The 


4) IW retains its identity in a chemical reaction. 


$) Jt cannot be further sub-divided by ordinary chemical 


reactions 


It may or may not eaist in free state. 


(i) Positive ton 
‘ Positive electrods 
Kt us that ion which is carryi itive on 
gn sloni'loses Ge octane boaters charge. A positive ion 1s formed when ie egative 
AS A +e ; 
* A positive ion is also called a cation 
© A positive ion may ¢. : 
P y carry +1, +2 
electrons lost by the atom 72 or +3 charge depending upon the number of at 
shor > mojey!o4 ( 


© We have to supply s ient of i electron from 
e to supply sufficient amount if energy in order to remove an el 


the valence 5 an atom. Mt means the formation of a Positive ion is an 
hell of a is i 
Qa 


endothermic process 
© Formation of cation is an oxidation Process. ore oo cee 
ohare hermic rocks.” 
ve ‘om can easily lose electrons to form positive ions li = ; Justify. i 
ions like Na”, K*, Ca” and Fe?" 4 
© Size of a cation is smaller than its parent atom. ie antaieas 
Na —» Nal*+1e- 
186 pm 95 a ae ‘ 
(il) Negative ton 
“It is that i ich i i ; ; 
is at ion which is carry ing a negative charge. A ne sid qed 
'BAtive ion is formed when shza9lomoweM 


an atom gains one or more electrons.” 


B+e—y 
: Be 
A negative ton is also called an anion 


———_ 
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2 or -3 charge depending upon the number of 


© A negative ion may carry 
electrons gained by the atom. 

© Energy is released when one electron i 
neutral atom. It means that the formation 
process while formation of di-negative ion 

ly gain electrons and to form negative # 


Q. Justify that formation 
of di-negative ion '5 an 
endothermic process 


is added in the valence shell of an isolated 

of an uni-negative ion is an exothermic 

is an endothermic process. 

 Non-metals most ‘ons like F', Cl’, S* and 
O* ions ete. 


Formation of anion is a reduction process. 
from their parent atoms. 


. 
These cations and anions have entirely different properties 
© Size of anion is larger than its parent atom. 
Cl+le —> Cr 
99 pm 181 pm 
Polyatomic ions 
“These are the positive or negative ions which consist of group of atoms 
| The positive. polyatomic ions are less common. For example, NH; ions and certain 
carbocations in organic chemistry. 
and SO? ions 


| There are many examples of negative polyatomic ions like OH, CO} 


PO? MnO} ,Cr, 05" etc. 
fa 7 Difference betwe 
® A cation is formed by the loss of electron or electrons 


from:-a-neutrat-atom. 
A> A + le 


‘ormation of cation is an endothermic process. 
Na, —> Nai, +he” 
AH = +496 kJ mol! 


Cation and Anion 


@ Anion is form by the gain of electron or electrons by a 
neutral atom. 


B+ lc >B 
gative ton is an exothermic process 
ion is an 


© Formation of unine; s 
whereas the formation of dinegative 


endothermic process. 
O,,, +1 Oi, oH=-i4! kJ mol 


a . 1 : 
Oj, + 1e — OFF, AH = +780 U mol 


e Fi 


© The size of cation is smaller than its parent atom. 
¢.g., Na, — Nay, + le" . 
95 


186 p pm 99 p 
@ The behaviour of neutral atom and cation is different. © The behaviour of neutral atom and anion is different 
‘* Usually, clectropositive metals lose electrons and form | © Usually, non-metals gain clectrons and form anions 
cations. 
© The charge on anions is equal to number of electrons 


‘© The charge on cations is equal to number of electrons 
lost. e.g.. gained e.g., 


Ci+ le —>Ccr 
O+ 2e —» 0” 
N+ 3e—> NY 


Molecular lon 
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“Those ions which are produced by the removal of one or more electron or electrons from the molec; le 
ule of a 


substance are called molecular ions.” 
Types There are two types of molecular ion. 
(a) Cationic molecular ions 


They have positive charge. They are more abundant than anionic molecular ions. 


Example N;, CO’. CH; ete 

(b) Anionic molecular ions 
They have negative charge. They are less abundant. 

Example 07, N? etc. 

Formation 


‘ MCQ’s 
Which of the following is nota 
molecular ion? 


(a) CH; 
(c) OF 


(b) NH; 
(4) NH, 


These ions can be generated by passing high energy electron beam as.a — particles or X — rays through a 
) gas. 


Application 


The breakdown of molecular, ions obtained from the natural products can give important information about 
‘ion al their 


structure. 
aa What are ions? Under what conditions are they produced? 


Ans. tons : 

RESeP Ve sis which carry either positive or negative charge are called ions.” 
tons are formed under following conditions 

(i) By passing different radiations through gaseous mixture. 

(ii) By adding the substance into an aqueous solution ; 

(ill) By heating the substance (in mo!ten state). ; 


“Its the mass of : 
s an atom of ar 
carbon taken asi n element as compared to the mass of an atom of 


e ato 5 i 
The term at mic mass is relied over atomic weight because mass is more 
¢ Atomic mass is a relative term. It tells us how vier Of iter an atom o} 
t " y hi f the 
how much heavier or ligi 
element is, than an atom of carbon - 2. 


-12 
218 used as a standard because it is stable and exist abundantly 


Relative Atomic Masses of a Few Elements 
Relative Atomic 


Erement 
Element 


Mas: da 
(amu) ity 


Solution - 

6.02 10" C atom = 12g 
12 

02x10" 

1 Catom = 1.99 10""g 


1C atom = 


! 
jr of carbon atom = LU * 
= 1.661% 10g 
= 1.6610 10°" kg 


Relative Atomic 
(stay 


Atomic Mass Unit 
“[/] 2th of the mass of one atom 


ts abbreviated as anu” 


wing is the 


a Which one of the follo’ 


‘average mass of one atom of the elem 


Tamu = 1.661 «1077 


of carbon—12 is called the atomic mass unit ft 


kg = 1.661 * 107 g = 1.661 « 107! mg 


relative atomic mass of an element? 


average mass of 


sale (c) 


mass of one atom of H 


average mass of one atom of the 


element (4) 


(b) 


mass of one atom of °C 


Atoms of the same clement wh 
numbers due to difference in the t 


n 
clement 
The phenomenon of isotopy was first disc 
Examples 
e tsotopes of hydrogen 

Hydrogen consists of three isotc 
and tritium (, 
have different mass numbers 1, 2 and 
e Isotopes of carbon 
Carbon also consists of three is 


C-14 €'C) All these isotopes have U 


different mass numbers 12, 13 and 14 respectively. 
Oxygen has three, nickel has five, calcium has six, palladium has sia 


IL). All these isotopes have the same at 


ich have the same atomic number but different 
number of neutrons are called isotopes of that 


overed by Soddy 


spes which are protium ( \H ), deuterium (CH) 


omic number ic one, but they 


3 respectively 


topes which are C-12 (FC), C-13 YC) and 


he same_atomic’ number Le, six but they have 


dium 


has nine and tin_has eleven isotopes. The elements like a 


enic, fluorine. iodine and yold 


opic elemen 


called mone = 180 


ya single isotope _They are 


Similarities and Dissimilarities of Isotopes of an Element 


Similaritres 


Isotopes of an clement have same 
Atome number 

Number of proton 

Number of electron 

Chemical properties due to same 
electronic configuration 

Position in modern periodic table 


Relative abundance of isotopes 


eooee 


“The percentage of each isotope in a mixture of isotopes of an clement is called 


relative abundance.” 


Dissimilarities 


Isotopes of an clement have ditferent 


e@ Atomic mass 

e Number of neutron 

© Radioactive properties duc to different 
composition of nuclei 

¢ Physical properties 

© Half life due to different stabilities 


© Different isotopes have their own natural abundance. 


e The relative abundance of isotopes 


is measured by mass spectrometry. 


one atom of the clement 
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x average mass of one atom of carbon 
average of mass of one atom of the element 


| 
4% mass of one atom of °C 


Isobars: 

Those ms whch have 
the same mass numbers 
different atomic 


but 
numbers. °C. °N 
Isoelectronic species: 
Those species |@ atoms, 
ons or molecules which 
have the seme number of 
called 1so 


s are 


) 3re 


soe'lectroric species 


Isotones: 
Atoms of the different 
elements having same 


number of neutrons dut 
different mass numbers 
are called isotones. e.g. 
USi, PLCS are isotones: 


— —_ 


The properties of a particular element, which are mentioned in the literature, mostly correspond tothe most abundant 


ssotope of that element 


Natural Abundance of Some Common Isotopes 


Element »xsy< Isotope 


99.985, 0015 


99.634, 0.366 
99.759, 0.037, 0.204 


95.0, 0.76, 4.22, 0.014 


[anne [oer 
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Soap Abundance (%) 42-t98% Mass (amu) 


1.007825, 2.01410 


14.00307, 15.00011 


15.9949. 16.99914, 
17.9916 
31.97207, 32.97146, 
33.96786. 35.96709 


The distribution of isotopes among the elements varied and complex as it is evident from above table 


Occurrence of isotopes 
At present more than 280 different isotopes occur in nature 


¢ 40 radioactive isotopes are also included in this number (280). 
. 


The elements of even atomic number usually have larger number of isotopes. 


and “Fe. These isotopes exist abundantly and form about 50% of the earth crust. 


Qa 


Almost 300 unstable radioactive isotopes of different elements have been produced by the artificial disintegration. 
In general elements with odd atomic number almost never possess more than two stable isotopes : 
The isotopes whose mass numbers are multiple of four are particularly abundant. For example '*O, “Mg. *Si,°Ca 


Out of 280 isotopes that occur in nature, 154 isotopes have even atomic number and even mass number. 
Why isotopes have identical chemical properties but different physical properties? 
Ans. The chemical properties of a substance depends upon its outer shell electronic configuration. Since isotopes of an 


element have same electronic configuration ,so they show similar chemical properties. 


eed + 2O; + HO 
Do - 100 +» DO 


Moreover. due to different quglear 


IMASS SPECTROMETRY| 


Mass Spectrometer 
a an pestoenéen which is used to measure the exact masses of different 
tmitopes of an element along with their relativ , 
, ¢ aby ¢ 
Principie of mas; spectrometry ~~ 


In this technique, 4 sut f 
fe, 4 oubstarice 19 first ve a 
high energy beam of electron atria 


the basic of thei mass to 
e 


lial a hen ionized with the help of 
sitive tons, thus formed, are rated 

hast gs Caton (rm. d j Penk ” 

: , waa ©) and then recorded in the form of peaks 
8 tr: 0 

Mewtifieane  soeee apt was dewyned by Aston in 1919. was des fe 

‘a . PPA an chetrent on the basis of their MOG masses, ee 

Comypster's mass 

Peet spectrometer 


04 (in ertiticwtion A elements which were svailable in solid state 


‘ 
» 
RY 
‘ 
N 
& 


Q. Write down principle 
of mass spectrometry. 
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Determination of Relative Atomic Masses of Isotopes b 
lDempster’s Mass Spectromete 

Different steps involved in the determination of exact atomic masses and | 
relative abundances of different isotopes of an element are given below 
(i) Vapourization 

The substance whose analysts for the separation of tsolopes Is required, is 
converted into the vapour state. The pressure of these vapours 1s kept very low, that 1s 
10“ to 10°” torr 
(ii) tonization 

These vapours are then allowed to enter the ionization chamber where fast 
moving clectrons are thrown upon them. The atoms of isotopic clement present in the 
form of vapours, are ionized These positively charged ions of isotopes of an element 
have diflerent masses depending upon the nature of the isotopes present in them 
{iii) Acceleration 

The positive ions of each isotope has its own (m/e) value) When a potential 
difference (E) of 500-2000 volts is applied between perforated accelerating plates. then 
these positive rons are strongly attracted towards the negative plate. In this way, the tons 
are accelerated 
(iv) Deflection 

The beam of accelerated positive ions is then allowed to pass through a strong 
magnetic field of the strength H. This magnetic field is applied in a direction which 1s 
perpendicular to the path of the positive ions. The applied magnetic field will help us in 
the separation of: positive ions on the basis of theiremie values. The magnetic field makes 
the ions to move in a circular path. The ions of definite m/e value will move in the form 
of groups one after the other and fall on the electrometer. 
(v) Mathematical explanation 

The mathematical relationship between m/e values and deflection in the encular 
path is 


m/e=H?r/E 
Where, H = strength of magnetic field 
E = Strength of electric field 
r= Radius of circular path 
IF E is increased, by keeping H constant then radius will increase and positive ion 
of @ particular m/e will fall at a different place as compared to the first place. This can 
also be done by changing the magnetic field. Smaller the (m/e) of an tsotope, smaller the 


radius of curvature produced by the magnetic field according to above equation. Each ion 
sets up a minute electrical current 


Analyzer 
(Magnet) 


Maas ar ore 
number envelope 


The need for 2 vecuum 


ass 


on: under study must be 
able to move freely The 
mass spectrometer would 
not work property if the 
ions collided with the 
molecules 

(O,& N_) present 


n the 


atmospnere 


Q. How the ions in the 
mass 
accelerated and 
deflected? 


spectrometer are 


\f an element exists as 
diatomic molecules € 
41... HM etc. then. the, 
spectrum ~ will contairy® 
peaks both for the 
separate atoms afd for 
the molecules. eg the 
mass spectrum of chlorine 


will have peeks for 


m 
values of 35 
€ 


and 37 and peaks for 


CY with 


m 
Ciiwith —values of 
¢ 


70.72 and 74. 


Diagram of a simple mass spectrometer 
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(vi) Electrometer (lon collector) 
Hlectrometer develops the electrical current: The strength of the current thus 


measured gives the relative abundarice of ions of a definite m/e value 


(vii) Comparison with Carbon-12 

Sunilarly, the sons of other wotopes having different masses are made to fall on 
the collector and the current strength is measured. The current strength in each case gives 
the relative abundance of each of the isotopes. The same experiment is performed with 
C12 tsotope and the current: strength 1s compared. This comparison allows us to 
measure the exact mays Number Of the isotope 
Modern Spectrograph 

In modern spectrographs, cach ion strikes a detector. the ionic current: is 
amplified and is ted 1 the recorder, The recorder makes a graph showing the relative 
abundance of isotopes plotted against the mass number 
Separation of isotopes 

Since isotopes of an element have same chemical properties, so they cannot be 
separated by chemical methods. Following physical methods are used for their separation 
2. Thermal diffusion 3. Distillation 
6. Laser separation 


Relative Abundance 


wa 
Mass Number 


Computer plotted Graph for the 
isotopes of neon. 


1, Gaseous diffusion 


4. Ultracentrifuge S$. Electromagnetic separation 


Q.5 (a) How do you deduce the fractional atomic masses of elements from the relative isotopii 
ic abund, 
examples in support of your answer. . wie crete 


Aver Atomic Masses| 


he mass of an ele hich i i isotopic i its i i 
4 a hee which is obtained from isotopic mass and relative abundance of its isotopes is called 
Example #1 

A sample of neon is found to consist of 7? Ne, wNe, Ne in the Percentages of 90.92%, 0.26% and 8,82% 
respectively. Calculate the fractional atomic mass of neon. 
Solution 

The overall atomic mass of neon is the average of the determined atomic masses of individual isotopes. Hence, 
20x 90,92 + 21x 0.26 + 228.82 _ 
= 20.18 amu 

100 
Hence, the average atomic mass of neon is 20.18 amu 
It is important to realize that no individui p pose: 
maps al neon atom has a mass of 20.18 amu. For most laboratory ‘ 

however, we consider the sample to consist of atoms with this average alomic mass. rogeey 7 


Example @ 2 ; 


Chlorine has two isot so” . ; 
average atomic mass of CL lopes 1) Cl. , Cl having percentage existence as 75.53% and 24.47% respectively. Calculate 


Solution 


Average atomic mass = 


Average atome mass = 25% 755343722447 _ 56 soy , 
100 : 
Qsb. How does : 
3 Mass spectrograph show the relative abundance of isotopes of an element? 


Am. A mass 
Spectrograph gives resuit im the fi 
} h form of a mass spectrum Actually mass spectrum is a plot of data in 
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Ho (0 ¥2% 


Relative Abundance 


‘Jeo (B AZM) 


“pe (0.257%) 
7 Q 7 

19 20 2 22 23 
mie 

Mass spectrum of Neon 


of peaks in the graph is proportional to relative natural abundance of isoto, 


pe of an elernent 


e Height 
e. Number of Peaks gives number of possible isotopes. 


ion of two strong peaks in the mass spectrum for bromine; while for iodine only one 


Qsc. What is the justificati 


peak at 127 amu is indicated? 
pe of an element where as number of 


In mass spectrum height of peaks indicates relative abundance of soto) 
i mber of possible isotopes of that element 
ce eeok ie hts. It shows that Br has two naturally 


ks of almost equal heig! 
in case of bromine, we observe two strong peal 
occurring isotopes i.e., Br and "Br with a relative abundance of 50.54% and 49.46% respectively 


On the other hand iodine being mono isotopic "71 gives only one peak at 127 amu (atomic mass of iodine) 

a6. Silver has atomic number 47 and has 16 known i: 
the following mass spectrometric data, calculate t! 

mass (amu) 

106.90509 

108.90476 


Ans. 


isotopes but two occur naturally i.e. Ag-107 and Ag-109- Given 
he average atomic mass of silver. 


Percentage abundance 


Ans. Given data 
Mass of "Ag 
Mass of Ag 


= 106,90509 amu 
~ 3108.90476.amu.. 
Percentage of Ag —-" 51.84% 


Percentage of "Ag = = 48.16% 
Required 
Average atomic mass of Ag = ? . 
aie 0 wo 
(Isotopic mass of "Ag x %of Ag) + (Isotopic mass of MAR x%ot Ag) 
Average atomic mass of Ag =i — 160 
(106.90509 x $1.84) + (108.90476 » 48.16) 
7 100 


_ 1078681 
“00 


Average atomic mass of Ag = 107.87 amu 
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Q?. Boron with atomic number § has two naturally occurring isotopes. Calculate the PME UR Tp 
and "8 from the following information percentage sbund 


ance of . 
Average Atomic mass of Boron = 10.81 amu 
isotopic mass of “8 = 10.0129 amu 
sotop mass of "B = 11.0093 amu 
Ans. Given data 
Average Atormc mass of Boron = 10.81 amu 
fsotopic mass of “B = 10.0129 amu 
tsotopic mass of 6 = 11.0093 amu 
Required 
Percentage abundance of "B= ? 
Percentage abundanceof"B =? 
Solution 
Suppose 
Percentage abundance of "B =x 
Percentage abundance of "B_ = (100 - x) : oh 


Average Atomic mass of boron = {!sotopic mass of "Bx % of “B)+ (Isotopic mass of 'B x% of "'B) 
100 


Putting the vaives 


z (10.0129 * x}+ [11.0093 (100= x} ~ 
100 oe 
90.81 * 100 =(10.0129x) + (1100.93 — 11.0093x) 
1081 ~ 1100.93 = 10.0129x - 11.0093x 
“19.93 =—0.9964x 
-19.93 
—0.9964 
x =20002% 

Percentage abundance of "°B 


Percentage abundance of "B 00 02 = 79.998% 
DETERMINATION OF PERCENTAGE OF El EMENTS IN A COMPOUND! 
The percentage of i 7 i 
Second en ean lement in a compound is the number of grams of that element Present in 100 grams,of.the 


10.89 


Percentage of an element = “832 9f clementin the compound ol 
Formulamass of thecompound * oaks 


Empirical Formula 


“A chemical formula which shows 


f J the simplest whole ni i i i 
ven ine compound wear lumber ratio between the atoms of different elements 


rical formula.” 


1 ov 0 pesmewwe ram ree ene ee eee et 


Scholar's CHEMISTRY - XI (Subjective) 13 


tc i tcc A 


Steps involved in determination of empirical formula 
The following steps are involved in the determination of empirical formula 
1) Determination of the percentage composition 


mass of the element 
% of an element = 


molar mass of compound 


2) Finding the number of gram atoms of each element For this purpose divide the percentage of an clement by ils atomic 
mass 


of an element 
Number of gram atoms (moles) = —— 
atomic mass 
3) Determination of the atomic ratio of each element. To get this. divide the number of motes of cach element (gram 
atoms) by the smallest number of moles. 
number of moles 
smallest number of motes 
4) If the atomic ratio is simple whole number, it gives the empirical formula, otherwise multiply with a suitable digit to 
get the whole number atomic ratio. 
EMPIRICAL FORMULA FROM COMB 
Combustion Analysis 
~The analysis which is made to determine the amounts of different elements 
present in a compound by burning a known amount of organic compound 
containing C, H and O in the presence of oxygen is called combustion analysis ~ 
Sole Product 
COx,) and H,0,,, are sole (main) products during combustion of an organic compound 
Procedure . 
A weighed sample of the organic compound is placed in the combustion tube. This combustion tube ts fitted in a 


furnace. Oxygen is supplied to burn the organic compound, Hydrogen is converted into HO and carbon ts converted into 
co; 


H,0 absorber 

Next to combustion 
during combustion. 
CO, absorber 


After HO absorber chamber, next is the CO; absorber chamber. It contains 30% KOH which absorbs CO. 
produced during combustion. 


The difference inthe amounts-or masses of these absorbers gives us theamounts of HyxOand CO, produced 


Atomic ratio = 


Q. Combustion anatysis is 
used to determine? 

(a) Hage composition 

{b) Empincal formuta 


(c) Molecular formula 
(d) Ali of these 


tube there is H;O absorber chamber. It contains Mg (C1O.): which absorbs 11,0 produced 
' . 


‘compound 
C,H, and other elements: 


Other substance 
not absorber 


t ¢ 
-| -~& 
Mg 


(CtOsp 50% KOH 


sO absorber (CO: absorber 


Combustion analysis 
Calculations 


Mass of CO, 
Mass of organic compound 


‘“%ofCarbon = ~ 12.00 | 


44.00 


100 
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Mass of H.O 2016 99 
% of Hydrogen = ururganiccompound =— 8 
The percentage of Oxy 15 obtained by the method of difference. 
% of Oxygen = = 100 - (% of carbon + % of hydrogen) 
Molecular Formula 
A formuls which gives the total number of atoms of different 
elements present m the molecule of a compound ts called 
molecular formula.” 
Examples 


Substance 


a. Why some 
compounds have same 
empirical and molecular 
formula? 


Relationship between empirical and molecular formula 

1) A compound may have same empirical and molecular formula. For example, CHa. 
1.0. CO, NHL. © sH»:O,, are the empirical and molecular formulas of the respected 
compounds. [ur such compounds the value of “n” is unity (1). 

2) fhe molecular formula may be integral multiple of empirical formula. For example. 
Molecular formula of glucose is C,H,:O6 which is six timés the empiricui formula of 
glucose (CH:O). The molecular formula of benzene is CoH, which is six times thé 
empirical formula of benzene (CH). So molecular formula is related to empirical 
formula as 


Molecular formula = n x Empirical formula 
3) A compound may have empirical formula but no molecular formula. For example, 
sodium chloride has the empirical formula NaCI but no molecular formula. All the 
tonic compounds have empirical formula but no molecular formula, 
4) Molecular compounds having same molecular formula are called isomers e.g. ethyl 
alcohol or dimethy/ ether have same molecular formulaC,H,O. 


FFERENCE BETWEEN EMPIRICAL AND MOLE FORMULA 


Molecular formula 


° A formula which gives the total number of atoms of 

different elements present in: the molecule of a 

compound is called molecular formula. . 

© Molecular formula can never besdetermined directly. It 
is determined as follows: 

Molecular formula =n x (Empirical formula 

* Molecular formula is used for only molecular 
compounds. 

Examples 

Molecular formula of glucose = CyH),0, 

Molecular formula of water = HO 


Empirical formula 


© A chemical formula which shows the simplest whole 
number ratio between the atoms of different elements 
resent in a compound is called empirical formula. 
© Linpircal. formula can be determined directly by 
villercnt methods © g., combustion analysis, elemental 


analysis etc. 
© Empirical formula is used for all compounds, 
Examples 


Empirical formula of glucose = CH;O 
Empirical formula of water = 1,0 
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Define the following terms and give three examples of each 
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Qs. . 
(ii) Gram molecular mass 
f ? (v) Molar volume ! 
he hace number (iii) Gram formula (vii) Stoichiometry 
{iv) Gram ion = 
Particle 


ram Atom 


“Atomic mass of an clement expresses 
called one gram mole or simply a mole of that clement 


Jin yeas ts called 4 gram atom Itisabo a single particle of a 
substance may refer to an 
atom, a molecule, an 107, 
an electron of to any 
wcenufiabdie pernicie 
Cnemists refer to @ 
collection of particies as 


Formula 
ssof clement in prams 


Atomic mass of anclement 


Number of gram atums or mole of an element = 


| gram atom of hydrogen = 1.008 x chemical species. 
1 gram atom of carbon = 12.000 
(iii) 1 gram atom of uranium = 238.048 
ram Molecul 
“Molecular mass of a compound expressed in yrams ts called yram molecule of 
gram mole or simply the mole of a substance. 
Formula 
Mass of the molecular substance im yrams 


mber of gram moteceles or moles of molecular sdbstance — Moleceiar ava of the substance 


Examples 
@ ot 1M cofmaicr, =180g ‘ 5 PM 
(i) 1 gram molecule oF HZSO, = *STE™ e's! Soc | a 
342.08 


(iii) 1 grarvmolecule of sucrose 


Gram Forme . 
“The formula mass of an ionic compound expressed’in grams is called gram 
formula of the substance. It is also called gram mole or simply mole 


Formula 


Mays of the tunic sat 
Formula mass uf the wns substance 


Number of gram formulas or moles of ioni¢ subs! 


Examples 
(i) 1 gram formula of NaCl = perl ‘ 
(iT gram formula of Na,CO, = M60 
(iii) 1 gram formula of AgNO; — = 170.0 


m lon ‘ 
*fonic mass of an ionic specie expressed in grams 1s called one gram ton or one 


__ mole of ions”, 


Formula 


Mussof i apeeie mn grads 


Number of gram ions or mules of ionic specie 
bormulamassof the ine spent 
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$ Examples 
, @ 1 gram formula of OH = I7g 
(#) | gram ionof SO; = 968 
(iii) | gram ion of CO; = 60g 
“When the atomic mass of an element, molecular-mass*of & melecular 
The word ‘mole! 
introduced around. 
by Wilhelm Ostwald who 


| substance, formula mass of an ionic compound or ionic mass of an ionic 


species is expressed in grams then it is called mole.” 


or 
derived the term from 


Latin word moles meaning 


“The amount of a substance which contains Avogadro's number of 
a ‘heap’ or ‘pile’ 


particles (atoms, molecules, formula units, or ions) is called mole.” 
© Itis denoted by “n” 
© Iris abbreviated as “mol”. 


© It is the Slunit of measuring the quantity of substance. 
Examples. ns n== 
Element | mole of Na = 23g M 
Molecularcompound | moleofHiO = 18g 
Tonic compound I moleofNaCl = 585g 
Tonic specie 1 moleof HCO"!", = 61g 
Formula : > 
Mote ~ Given massof the substance ‘ cee erie 
- a gas at STP 
‘Atomic mass / Molecular mass / Formula mass © 1gram atom ofiany “ 
Mole = Given mass of the Substance element 
Molarmass =. © 1gram molecular mass 
of asubstance 


© 1 gram formula mass of 


an ionic substance 


“The number of particles (atoms, molecules, formula units or ions) which are 


Present in one mole of a substance is called Avogadro's number.” Q. What is the tas: wa 


3 on 7 one molecule of wat 
— peste sie seh ed or ions in one gram atom of an element, one 6.0x10” aid 
ule of a com, and i ively i: —_—— 
vted A arg nee one gram ion of a substance, respectively is (a) 18 
Symbol It is represented: by “Nx” i (b) 60, 10% 
Vetea it's valve is:6.022 = 107? ae 
Unit It's unit is mol" (:) —8 2 
5 ‘ ; 6.0x y z 
Tmole of Na = 23 g= 6.022 x 10” atoms @) Soxtex0™? 
' mole of H,S0, = 98 g = 6.022 = 10” molecules 
I mole of CaCl, = 111 g=6.022 « 10” formula units Rae 
I mole ofOH = = 17.g = 6.022 x 10” ions — splices falling 
| Relationships largest 
The ; , number of atoms? 
relationships between Amounts of sub: . ; (a) 8g of methane re 
umber of particles present in them are in term of their masses and (b) 15g of hydrogen fluoride 
(c) 15.6g of benzene 


ww 
Nemsber of atoms of an clement = Mase of te clement «Na (d) 21.8 of bromoethane 


a7 
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Mass of compound | N, 


Number of molecules of acompound =" wojecular mass 


2) 
: Mass of the ion , 
3 Number of ions of ionic specie == Jonic mass *Ny 


um have equal number of atoms in them. 


Q9. (a) 23 g of sodium and 238 g of urani 
ments. 23g & 238 are the molar masses of 


Ans. Sodium and uranium both are ele 
sodium & uranium respectively. 
23g of Na=1mol 


238 g of uranium =1 mol 
According to definition of Avogadro’s number, 1 mol of all the elements have 
same number of atoms in them i.e., 6.02 x 10”. Therefore 
23 g of sodium = 1 mol = 6.02 * 10” sodium atoms 

238 g of uranium = 1 mol = 6.02 * 107 uranium atoms 


Q9 (b) Mg atom is twice heavier than that of carbon atom » 
€ Pweweh 


Ans. We know the molar masses of each element 1.e has 
1 mol of magnesium = 24 g = 6.02 x 107 magnesium atoms Io 12 we 
1 mol of carbon = 12g = 6.02 x 10” carbon atoms 24 a 
By this information, we can calculate the mass of each magnesium andjcarbon , 
atom by dividing molar masses with Avogadro' 's number as fotos a x b pay 4 0 
6.02 x 10” magnesium atoms has mass = 248 on 

aie | 
14 magnesium atom has mass =—7 
6.02 x10’ « 
a 2 2 
= 3.9867 x 10 Burs ZIET 
Similarly, = 
J&- 
. 6.02 x 10” carbon atoms has mass =12g 1 Ve 23 J 47 
” 
1. carbon atom has a mass = Sena \w al ¢ b: otr(s 
6.02 = 10' 
= 19933 x 10g 
By comparing both masses 
Me : c 
3.9867 x 10°" g : : 1.9933 * 107g 
Simplify them 


1.9933 10°? 


1.9933x 10"? 
1 


3.9867 x10" 


1.9933 x10" 


2 : 
We can easily conclude that magnesium atom is twice heavier in mass than that 


of a carbon atom. 
Leen eS aaa rere 
{Q9. (c) 180 g of glucose and 342 ¢ of sucrose have same number of motecules but eee 


different number of atoms present in them. 
Sao 


Ans. Molar mass of glucose (CcH..O«) = 180g mol" 
Molar mass of sucrose (C,2H220n) = 342g mol" 
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Both glucose and sucrose are molecular species. Therefore one mole contains 
same number of molecules i.e., Avogadro's number (6.02 x 10”). ” 
180 g of glucose = 1 mol = 6.02 » 10° molecules of glucose 
342 g of sucrose = 1 mol = 6.02 = 10” molecules of sucrose 
One molecule of glucose has different number of atoms than one 
molecule of sucrose so one mole of each molecule contains different number of 
atoms in them, 
As amolecule of glucose contains = 24 atoms 
So 1 mole glucose molecules contain = 24 = 6.02 x 10°atoms 
Similarly 
As 1 molecule of sucrose contains = 45 atoms 
So 1 mole sucrose molecules contain = 45 x 6.02 « 10° atoms 


eee 
Qg. (d) 4.9 g of H,SO, when completely ionized in water, have equal number of 
positive and negative charges but the number of positively charged ions are 


twice the number of negatively charged. ions. _ 


Ans. Given data 
Mass of H,SO, = 4.98 
Required 


Nuuber of H’ =? 

Number of SO,7" ions = ? 
Total Positive charge = ? 
Total negative charge = ? 


Salution 
(i) Firstly we calculate number of moles 
Number of moles of H,SO, = Me 
Molar inass 
Molar mass of H,SO, = 98g mol” 
Sonumber of moles =—* Ss = 0.05 moles 
. 98 g mol! 


(ii) Now calculate molecules of H,SO, 
Number of molecules of H,SO, = Number of moles of H,SO, x Ny 
= 0,05 x 6.02 x 107 


=3.01 » 10° molecules 
(iil) tanization of H,SO, in water . 


H,S0, ===> 2H" + so,? 


Now we can calculate 
Total positive ions 
HS, ; is 
Pe 2 
e 2 3.01% 107 
Total negative tons 602% WFions 
2 ~$0,2- ed 


1 
3.01 x 10" ions 


0 oe emer ree «re wr 
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Comparison of H" and so," 


# so; 
6.02 x 10” 3.01% 10 
6.02 «10 3.0110" 
3 01x10 , 3.01 «107 
2 1 
e So number of positive ions are twice than that of negative ions 
Total positive charge 


Number of positive ions x charge on one positive ion 
= 6.02 « 10" = (+1) 
= 46.02 « 10° 


Total negative charge 
Number of negative ions x charge on one negative '0n 
= 3.01« 10” x (-2) 
= -602 ~ 107 
° So charges are same 


(e) One mg of K,CrO, has thrice the number of ions than the number of formula 


units when ionized in water. 
Ans. Given data 
Mass of K,CrO, =1mg=10'8 
Required 
Tota’ ‘os of K.CrO, =? 
Solution 
Molar mass of K,CrO, = 194g mo!" 
_ Mass in grams_ 


Number of moles of K,CrO, 
Molar mass 
Be 
= 108 25 15<10" moles 
194 g mol 


Total formula units of K;CrO, = Number of moles of K,CrO, * Na 
= 5.15 «10° x 6.02 « 107 
= 3.10 x 10” formula units 

In water, K,CrO, ionizes as 

K,CrO, ===> 2K" + Cr? 

1 formula unit of K,CrO, produces ions = 3 

3.10 x 10" formula units of K,CrO, produce ions = 3 x 3.10 * 10” 
= 9.30x10" ions 

So one mg of K,CrO, produces thrice the number of ions than the number of 


formula ut 


Molar Mas: 


“The mass of one mole of a substance is called molar mass.” 


Unit Its unitis g/mole, _ 


Chi 1 
20 japter 1 (Basic Concept, 
Examples 
Molar mass of Na 23g mol! 
Molar mass of (C)»H»O))) = 342 g mol 
Molar mass of CaCl, = 111 gmol’ 
Molar mass of OH’ =17g mol! - 


Molar Volume 


“The volume occupied by one mole of an ideal gas at standard temperature and 
pressure (STP) ie 0°C and | atm is called molar volume.” 


Symbol Its symbol 1s V., 
Value Its value is 22.414 dm’ (0.022414 m’ or 22414 cm’) 
Examples 

(i) 2gofH, =! moleofH; = 22.414 dm’ 


(i) 16g of CH, = | mole of CH, = 22.414 dm’ ; 
From above examples it is clear that | mole of different gases have Same ‘humber of 
molecules and same volume-at STP but different-rhasses. d 


Qo. (f) 2g of H,, 16 g of CH, and 44 g of CO, occupy separately the volumes. of 22.414 dm’, although the sizes and 


- sasses otthree gases are very different from each other. 


Ans: 2g of, <1.mol H, = 6.02 x 10” molecule = 22.414 dm? 

16 g of CH, = 1mol CH, = 6.02 x 10” molecules = 22.414 dm? 

44 of CO, = 1 mol CO, = 6.02 x 10" molecules = 22.414 dm? 

se ae to beaks law, equal moles of gases at same temperature. and pressure (STP) occupy 

lume. One mole of any gas can o1 P 

eae 'y B: cCupy 22.414 dm’ at STP. So 2g of H,, 16g of CH, and 44g of CO, occupy 

a scat by a gas does not depend on size and mass of gas molecule. it only depends on number of 
ules. Reason is that at STP, distance between gas molecules is 300 times greater than their own 


diameters. 


Q23. (a) What is stoichiometry? Give its assumptions? Me 
intion two i 
stoichiometric calculations? important laws, which help to perform the 


“The branch of chemistry which deals with the ly itati jonsup between reactants ant ju 
' ¢ study of quantitative relationsirip bet its and products 
in a balanced chemical equation i: ichi " 
: equation is called stoichiometry. 
“The amounts of the reac ie i 
‘boast fi tants or the products as given by the balanced chemical equation are called 


2H; + O, — 2H,0 
2 eid I mole 2 moles 
& 32 
Assumptions : 368 


When stoichiometric calculatio 
Oana be ns are performed, we have to assume the following conditions 
2 No lene re pomnpretely converted into products. 
‘uring stoichiometric calculations, law o! 
, f conservation of mass and law i 
of definite proportions arbobeyed. {- 


ps 
.1)) Maer rats relationship 
___lf we are given mass of 
eae ass of one substance,we can calculate the mass of the other substance involved in the chemical 
in el 


1 2 err ae een se 
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(ii) Mass-mole relationship 
If we are given mass of one substance, we can calculate the moles of the other substance and vice versa 
(ili) Mass-volume relationship 3 
we can calculate the volume of the other substance and vice versa. 


If we are given mass of one substance, 
Similarly, mole-mole calculations can also be performed. 


uf H 
© Inall physical and chemical changes, the total mass of the reactants is 
© It was studied by Antonie Lavoisier (1774). 


equal to that of the products. 


position of elements present ina compound. 
the same elements combined together in the same fixed 


ich it is produced. 


© ~The law was given by J.L.Proust and deals with the com 
e@ Thetaw states that: The same compound always contain 


proportion by weight. 
e The composition of the compound is always the same irrespective of the method by wh 


Chemical Equation 
“A statement that describes a chemical reaction in terms of symbols and chemical formulas is called » chemical 
equation.” 
C+0;—> CO; 
2H, + 0; —> 2H;:0 


Balancing a chemical equation 
~ There are three methods to balance a chemical equation 
(i) Hit and trial method 
(ti) Redox method 
(iii) Ion electron method 
Limitations of a chemical equation 
The demerits of a chemical equation are as follows 
A chemical equation does not tell the rate of the reaction. 


It does not tell the conditions, necessary for the reaction. 
It does not give colour, odour or state of the reactants and the products. 


We can even write the chemical equation of the reaction that does not occur. 


“A reactant which is used or consumed earlier due to its lesser amount and controls the amount of product formed 
if a chemical reaction is called limiting reactant.” 

A limiting reactant is that which 

(i) controls the amount of product formed 

(i) — is taken in lesser amount 

(ill) is consumed earlier 

(iv) produces least amount of product 


Examples 
(1) Consider the following reaction between H, and O; to form water 
2H; + O; — 28,0 
2 mole 1moke 2 moles wo 
react with 2 moles of oxygen (64g). According to the Sbove 


Suppose, we allow 2 moles of hydrogen (4g) to 
equation 2 roles of hydrogen (4) wil react with only one mole of oxygen (32) 1 produce two mole of waist OBS 


reer ene mole of oxygen (324) willbe lft un-racted because the whole ofthe given amount of H; has ben comme . 
rence ve, no mote reaction will take place. La this case, Hy i the limiting reactant because i ix consumed fie daring the 
chemical reaction and controls the chemical reaction between kydrogan and oxygen. 


1 F 
IPI ERE Coney 
(2) Consider the following reaction between carbon and oxygen to produce carbon dioxide 
Cc + O; _— co; 
I mole 1 mole 1 moles 

Suppose. we allow 2 moles of carbon to react with one mole of oxygen. According to the above equation 
mole of oxygen will react with only one mole of carbon to form one mole of carbon dioxide. Hence. one mole of ean 
will be left un-reacted because the whole of the amount of oxygen has been consumed. Therefore, no more reaction bon 
take place. In this case oxygen will be the limiting reactant because it is consumed first during the chemical reaction y 
controls the chemical reaction between carbon and oxygen ™ 
(3) Consider the following reaction between hydrogen and chlorine to form hydrochloric acid 

AH, + Ch — 2c 
1 mole 1 mole 2 moles 

Suppose, we allow one mole of hydrogen to react with 2 moles of chlorine. According to the above equation 
mole of hydrogen will react with only one mole of chlorine to form two moles of hydrochloric acid. Hence, one mies 
chlorine will be left un-reacted because the whole of the given ammount of hydrogen has.been consumed. Therefore . 
more reaction wil! take place. In this case hydrogen will be the limiting reactant because tis consumed first durin, ey 
chemical reaction and it 1s controlling the chemical reaction. ‘= 
Identification of Limiting Reactant 

The following three steps should be followed to find out the limiting reactant 

fi) Calculate the number of moles from the given amount of reactant 

(ii) Find out the number of moles of product with the help of a balanced chemical equation 


Q. Write down steps 
involve in the 
determination of limiting 
reactant. 


ii) Ment fy the reactant which produces the least amount of product as limiting reactant 


ar What Is a limiting reactant? How does it control the quanti the product forme: xplain with thr 
ab fm q ity of th ‘oduct fi 1d? Expla three 


eEeE——. "OO 
Ans. Limiting reactant 


A limiting reactant 1s that reactant which controls the amount of product as it consumes earlier due to + 
hi s unt of produs 
c $4 10 5 


Examples 
(0) 112 moles ¥, and 2 moles O, are allowed to react then only 2 moles H,0 is produced 
24, +90, 7 2H,0 


pula Gate cnar and one mole 0, left behind unreacted so H, is limiting reactant and limite the 
are peasy 7 * vei @ combustible materia! (coal, paper, candle 
entin Geen peoes pes serosa is fully consumed and controls 
1 we DaN8 20 dices and kababs we can sac kd grim 
i . make 9 sandwiches as hababs are lirnting reactant 


ty 


“hich consumes earher dt 

We 10 it y ‘i 
‘easton its smaller amount and produces 
Daring « reversible 
FEACTAMS are Not 


least amount of product is called 


teaction, reac c 
Peat norgerie enianee are converted into products and products convert back 
med As a revult a limiting reactant cannot be identified in 


reactants. Se 
a reversible reaction 

The ammount Set i : 
types unt of products obtained in 4 chemical feaction 1s called yield.” 
Yield is of three types 
(i) Theoretical yieid 


“The amount of the product , 
lucts calculated from a balanced chemical equation is called theoretical yield.” 
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¢ It isalso known as calculated yield or expected yield. 
© It is the maximum amount of the product which can be produced by a given amount of the reactant according to a 


balanced chemical equation. 

© Theoretical yield of a reaction is a 

(ii) Actual yield 
“The amount of the products obtained with a given amount of the reactant in an actual 
yield.” 

© [tis also known as experimental yield. 

© The actual yield of a chemical reaction is always lesser than the theoretical yield. 

(ill) Perceritage yield 
“It is equal to the ratio of the actual yield to the theoretical yield multiplied by 100." 


Actual yield 
Formula Percentage yield = Tp coretical yield x 100 


The efficiency of a chemical reaction is determined with the help of percentage yield. 
Differentiate between Theoretical and Actual Yield 


1) The amount of product obtained while performing a 
chemical reaction is called actual yield. 


1) fhe amount of product calculated from a balanced 
chemical equation is called theoretical yield i ion i 
[ay trisalso called experimental veld 
[3) Actual yield is always lesser than theoretical yield. | 


2) 1s also called expected yield or calculated yield. 
Nheoretical yield 1s always greater than actual yield. 
4) No need to perform experiment. Just to calculate from 4) In order to get actual yield experiment has to be 
slanced chemical equation. performed. P 
Q 24. (a) How do we calculate the percentage yield of a chemical reaction. 
Ans. We can calculate the percentage yield of a chemical reaction with the help of actual yield and theoretical yield of 
the reaction. The efficiency of a reaction is also expressed in the form of percentage yield 


Iways greater than the actual yield of the same reaction 


experiment is called actual 


__sciual yield _ 
theoretical yield 
Greater the percentage yield, more amount of reactants will convert into product and high will be the efficiency 
of reaction 


Percentage yield = «100 


= ) 


ker Powrg 


1) Atoms are the building blocks of matter Atoms can combine to form molecules. Covalent compounds mostly exist 
in the form of molecules. Atoms and molecules can either gain or lose electrons. forming charged particles called 
ions Metals tend to lose electrons, becoming positively charged ions. Non-metals tend to gain electrons forming 
negatively charged ions. When X-rays or a — particles are passed through molecules in gascous state, they are 
converted into molecular ions, 

2) The atomic mass of an clement is determined with reference to the mass of carbon as a standard clement and 1s 
expressed in amu. The fractional atomic masses can be calculated form the relative abundance of ssutopes. The 
separation and identification of isotopes can be carried out by mass spectrograph 

3) The composition of a substance is given by its chemical formula. A molecular substance can be represented by its 
empirical of molecular formulas. The empirical and molecular formulas are related through a simple integer. 

4) Combustion analysis is one of the techniques to determine the empirical formula and then the molecular formula of 
a substance by knowing its molar mass. 


5) 
6) 


ud) 
5) 


Qi. 
(i) 


(ii) 


(iii) 


(iv) 


(vy) 


(vi) 


vii) 
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A mole of any substance is the Avogdro’s number of atoms or molecules or formula units of that substance. 

The study of quantitative relationship between the reactants and the products in a balanced equation is kn 
stoichiometry. The mole concept can be used to calculate the relative quantities of reactants and prod an 
balanced chemical equation. wets in g 
The concept of molar volume of gases helps to relate solids and liquids with gases in a quantitate manner. 

A limiting reactant is completely consumed in a reaction and controls the quantity of products formed 

The theoretical yield of a reaction is the quantity of the products calculated with the help of a balanced chemi 


The actual yield of a reaction is always less than the theoretical yield. The efficiency of a chemi 
ical 


Select the most suitable answer from the given ones in each questions 
Isotopes differ in 
( properties depend upon mass. (b) 
(c) chemical properties : (d) 
Which of the following statement is not true 
(a) isotopes wi even atomic masses are comparatively abundant 
(b) with odd atomic masses are comparatively less abundant 
isotopes with even atomic masses and event atomic numbers are comparatively abundant 
(d) tsotopes with even atomic masses and odd atomic numbers are comparatively abundant 
Many elements have fractional atomic masses. This is because 7 
(a) the mess of atom is-itself fractional - 
(b) atomic masses are average masses of isobars _ 
(ec) jo $ are average masses of isotopes 1 ym aly 
mic masses are average masses of isotopes proportional to their relative abundance 
The mass of one mole of electron is_——. 
(a) 1.008 mg —- to-855 mg 
(c) 0.184 mg \ (d) 1.637 mg 
27 g of Al will react completely with how much mass of Q; to produce Al,Qs 
(a) 8g of oxygen (b) : : 
(c) 32 g of oxygen e) 


ein mala Oy wich comma) BO dept 
0.25 0.50 ; 
10 


arrangement of electron in orbitals 
the extent to which they may be affected in electromagnetic field 


) (b) 0.50 
@) 15 


tis cpraeaeetas molecules are present in 
3.6 g of H,0 . 


(b) 4.8 g of C;Hj;OH 
©) 2, 2 
o). Rent CO (d) 54g 0fN;0, 
One mole of 80; contains 


(4) 6.02540” of oxygen atoms 
O<G:iP a cee ©) 181 « 10° molecules of $0, 


(4) 4 gram atoms of SO, 


The volume occupied by 1.4 gof Neat STP is 


794 den? 


coy 


(b) 22.4 dm’ 
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& 1.12. dm’ (d) 112m 


(x) A limiting reactant is the one which 
(a) is taken in lesser quantity in grams as compared to the other reactants 
(b) is taken in lesser quantity in volume as compared to the other reactants 


ee maximum amount of the product which is required 
(d)Y gives the minimum amount of product under consideration 
Solved Exercise MCQ’ 


Answer 


Isotopes are sister atoms of same clement which differ by their atomic masses 
due to different number of neutrons. They show different deflection in 
magnetic field due to their different m/e values 


The elements of even atomic number usually have larger number of isotopes. 
The isotopes whose mass numbers are multiple of four are particularly 
abundant. For example '*O, “Mg, “Si, “Ca and “Fe. These isotopes exist 
abundantly and form about 50% of the earth crust, Out of 280 isotopes that 
occur in nature, 154 isotopes have even atomic number and even mass 
number. 


(c) isotopes with even atomic 
masses and even atomic 
numbers are comparatively 
abundant 


The atomic mass of an element is calculated from 
i) Isotopic masses 
ii) Relative abundance 


(d) atomic masses are 
average masses of isotopes 
proportional to their relative 
abundance 


1 mole of electron = 6.022 = 10° 
Mass of one electron = 9.1095 « 10°"'kg 
Mass of | mole of electron = 6.022 « 107 « 9.1095 = 10” 

= 54.85 * 10*kg 
= $4.85 * 10° = 10%kg = 54.85 « 10° mg 
= 0.55mg 


(d) 24 g of oxygen 4Al + 30, —— 2Al,0, 
=_ 


27 
Molof Al= = = tmol 3 


“Ss | 
al ¢ O; 
3 mol 


Imol : 2 = 0.75 mol 
4 


Mass of QO, = 0.75 x 32 = 24g of oxygen 


ri 


+ 


12g 32g = 44g = Imol 
+ 
16g = 22g = 0.50mol 
+ 


8g= 11g = 0.2Smol 


Greater the number of moles of a substance greater will be its number of 


es eee ee © Or*s Ped. ad CN ae 
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ISHORT ANSWERS TO EXERCISE) 


ors which are mostly responsible for the low yield of the 


molecules 


| 


3.6 5 48 2.8 54 

—s= == =0.1mol (cj =0.Imol  (d) ~~ = 

Ors 0.2mol (b) 7 mol ()55 ™ Tog” 2.05mot 
products in chemical reactions? 


T mole of SO; = 6.022 = 10” SO. molecules Qza. (b)What are the fact 
1 molecule of SO; contains one sulphur atom. So Or Why actual yield is always less than theoretical yield. 
6.022 « 10” SO: molecules contain 6.0228 10F S =Mons - Ans. Actual yield of a chemical reaction Is usually 


lesser than theoretical yield due to many reasons. They are. 
nas many shortcomings and cannot get expected yield 


Mechanical foss during experimentation €8,, filtration, separation by distillation OF by a separating funnel, 
wasning, drying and crystallization if not properly carried out, decrease the yield ‘ 

(ui) Some of tne reactants might take part in acompeting side reaction. 

(ww) The reaction mignt be reversible. 

(vy) The reactants rmght be impure 

(vi) Sometimes the reaction conditions are not surtably maintained ° 

Q25. Explain the following with reasons. ——__ — 

ji mass has to be obeyed i c 


Molecular mass of N» = 28¢mol ' 
28g of N, at STP occupies volume = 22.414 dm* (i) Practically inexperienced worke 
14g of N, at STP occupies volume = 14.207 dm’ (u) 

14g of N: at STP occupies voluine = | 12 dm? 

A reactant which is used or consumed caslier duc tu ils lesser amount ang 
comruls the amount of product formed im a chemical reaction 1s calleg 
limiting reactam 


ti) The una of relative atomic mass is 
() Law of conserv: 


in) The enact masses of sotopes can be determined by spectrograph. 4 - 
(iy) The phenomenon of maopy was first discovered by Ans. Accora:ng 10 law of conservation ef ass — — ' oa 
j 1A an nedherbe Baul: therrcal reaction tear Cia ge 11s form fram one torn tO 
Ly) The exprcal formula can be determined by combustion analysis for those wompounds which have and Peto’ on a 2 "7 oa = ee 
. TA cocmometric caiculanons..we ute balanced Chemica equatagd engre total mats Of reactants 5 equa’ to (re 
ly) A hastanning rewctaek oy Ghat which comroks the quantsties of ict teaii Gl products Se —_———_—- 
(v4) | sachs of gucorne bas atoms A carbon, atoms of oxygen and atoms of hydrogen. For example =, = , 
(vm) 4 gf OH, 0 9C and | stm pressure has molecules of CH, © 24,+0,—+72HO— Z 
(vm) Yoxtaometne calculations can be performed only when is obeyed. 44° tg 7 14 
ANSWERS ° © NaOH + HO ——+ Ma + 4,0 
44a he £ 
76.5 7 OB 


whe Come Vomtmornetric calculations law of conservation of mass nas to be coeyed 


———————————————————————EE—————————~ 


(ii) __ Mary chemical 1 taking ptace’in our invoive the lamwing reactants. 


Ans. “The reactant whch. Consumed eather and controls the amount of DroOuet in » cremacal reaction \s cated @ 
jurneting reactant.” = <a i = 


(9) bat } 
i (v5) 56127 107.3612 «107.7 22410" 


(viii) law of conservation of mass and law of definite 


~” — Tree’ or “False” Mastiy Combustion feactions taking piace +f.0ur surroundings involve the limuting reactant 
, hans three scapes and fonstths For example ae paeasoneiaes 
tay Layee lana gion ste tformone sho i tes i ¢ CHug * 20x— —* CO 
oo During combustion analysis Mg (C10, ihuetinae in the molecule “G Mong + COng ie 
7) Moecula formula is the integral multiple of emp to absorb water vapours In above examples ond sesich aia 
oe y ; a exam 0, is present in excess while CH, eactant: consume they 

(Vy The namiber A acm in 1 79 9 of rmula and the integral multiple can never be unity. are limang reactants eas ~ se ” 

8. Of gold and 0.023 of sodium are equal % = 


(iii) No individual neon atom in the sample of the element has a mass of 20.18 amu. 
eee eS EEE eed 
<= Ans, 20.18 amu is the average atomic mass of masses reaive 
of : Neon which is obtained by using diff isotope 
son toey aibat on bas cone = poraen abundances of Neon as follows. ™ = = 
reaction greater ical yiel Neon has three isotopes “Ne, "Ne and “Ne with a relative abunda 
vi oh a ince of 90.92%, 0.26% and 882% 


ehectroms in the 
molecules of CO and N; are 14 each, so | mg of cach gas will have same number 


I ic eveisa of p Sum of product of isotopic masses and relative abundaces 


100 
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molecules. 


3.6 4.8 2.8 54 
— =0.2mol (b)— =O0.lmol (c)— = is 
(a) 18 ol ( 38 ; mol (¢) 8 U.Imol (08 0.05moy 


| mole of SO; = 6.022 « 10” SO, molecules 
! molecule of SO; contains one sulphur atom. So 
6.022 « 10° SO; molecules contain 6.022 » 10° $ — atoms 


Molecular mass of N. = 28gmol ' 
28g of N, at STP occupies volume = 22.414 dm’ 
14y of N, at STP occupies volume = 12.207 dm’ 
| 4g of N; at STP occupies volume = | 12 dm’ 

A reactant which is used or consumed earlier due tw its lesser amount and 


controls the amount of product formed i a chemical reaction 1S calleg 
limiting reactant 


Q2 Fi 
4) The wnat of relative atomic mass is 

in) The cnact manes of movopes can be determined by 
The phenomenon A wecmopy was first discovered by 


spectrograph 


i) The empwrncal formula can be determined by combustion analysis for those compounds which have and 
mn them, 

(yy A heisng cemtaen ts that which comruls the quantities of 

(31) | muha A geaccne has atoms A carbon, atoms of oxygen and atoms A hydrogen. 


fem) 4g 4 CH, eC and | tm pressare has molecules of CH, 
(vm) Sonctmometne calcwations can be performed only when is obeyed 


ANSWERS 


(>) prcbant | (vs) 3612/1073 612 «10°.7224. 10" 


| (viti) law of conservation of mass and law of definite 
oporion 


(vey | MS i 


Q3. Indicate ‘True’ of ‘False’ 
“ Me hen three scaopes and lourth one with atoms mass of 20.1% amu 
tay Eauprencas forma gives ws the information abona the total number of atoms present in the molecule 
aH During combumion anatysis Mg (C}0,); is employed to absorb water vapours. 
yey —— ix formula 1s the wtegral multiple of empirical formula and the integral multiple can never be unity. 
‘ The ae A mom io 1.79 9 of gold and 0.023 ¢ of sodium are equal 

m umber electrons im the molecules of CO and N; are 14 each, $0 | my of each gas will have same number 
ped Avogadro's hypothesis is applicable to all types of gases ie., ideal and non-ideal, 

Actwal yield of schemical reaction may be greater than the theoretical yield, 


FEEL EE LE EAE n\n 7 
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ISHORT ANSWERS TO EXERCISE! 


Q24. (b)What are the factors which are mostly responsible for the low yield of the products in chemical reactions? 
Or Why actual yield is always less than theoretical yield. 
Ans. Actual yield of a chemical reaction is usually 
lesser than theoretical yield due to many reasons. They are: 
() Practically inexperienced worker has many shortcomings and cannot get expected yeild 
(um) Mechanical loss during experimentation e.g., filtration, separation by distillation or by a separating funnel, 
wasning, Orying and crystallization if not properly carried out, decrease the yield 4 
(un) Some of tne reactants might take part in a competing side reaction. 
(ww) The reaction might be reversible 
(v) The reactants rught be impure 
(wi) Sometumes the reaction conditions are not surtably maintained. 


Q25. Explain the following with reasons. 


@ Law of ion of mass has to be obeyed 

Ans. Accoraing to law of conservation of Tas; —~ ee free 
‘Whasetan netherbe ceaeted Or BuLsig e Chernital feactign tea Changes is torm teen one torn 19 
another™ ail <a e aes 


~~ - 
COME Calculation.we ute balanced chemicas equatig wngre sonal mass Of reactants 15 equa’ 0 the 
mass of procucts. —S 
For exampie——— me . 
© 2H,+0,-—+2H,O— / 
44 * 32g > 
© Nar + HCl ——+ Natl © HO 
4 TE A 
76.59% -—* 76.6% 
SO ule Core Hotmometric calculations law of conservation of mass nas to be ooeyed 
(ii) Many chemicai tating place in our surrounding invobve the limiting reactants. 


Ans. “The reactant wrens Consumed sarier and controls the amount of proguct in a chemual reaction + called 3 
s catia : - 


haenating reactant. 
thostiy Combustion reactions taking place our 


For example 


Surroundings involve the limiting reactant 


© Chey + 204 —* COny * 2H,0 ig 
© Gr Og —* Dug 
In above examples O, gas is present in excess white CH, and C are the reactants which consume earlier 10 they 


are limiting reactants. 
(iti) — 
OOOO EEE 


‘Ans, 20.18 amuis the average atomic mass of neon which is obtained by using different isotopic masses and reistve 


abundances of Neon as follows. 
Neon has three isotopes “Ne, “Ne and “Ne with a relative abundance of 90.92%, 0.26% and 8.82% 


respectively 


Sum ot product of isotopic masses and relative abundaces 
ee 
Average atomic mass of neon 00 


eee Ha Ota ble 


4 


Ans. 
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100 
= 20.18 amu 


So no individual Ne atom has amass of 20.18 amu. 
‘One mole of H,SO, should completely react with two moles of NaOH. How does Avogadro's number hep 


(Ww) 
explain it? 


“A process in which one mole of water is produced by its ionic components i.e., H” and OH” coming from aq 


and base respectively is called neutralization.” 


H' + OH ===> H,O 

H,SO, being a dibasic acid can produce 2 mole H’ ions on ionization in water 
H,SOjtoq) <= 2H/,q) + SO4is9) 

On the other hand NaOH being monoacid produces only one mole OH” in aqueous solution 
NaOH (ug) $= NAiyq) + OHiag) 

To neutralize 2 moles H’ ions of H,SO,, we need 2 moles of OH’ so 


2H’ + 20H === 2H,0 
2molesofH’ = 2x 6.02 x 107 ions = 12.04 x 10” ions 
2 moles of OH” = 2 x 6.02 x 10” ions = 12.04 x 10” ions 


12.04 x 10” H’ ions + 12.04 x 1073 OH” ions are used to produce 12.04 x 10” H,O molecules. 
Hence one mole of H,SO, is neutralized by 2 moles of NaOH. 
H,SO, + 2NaOH —> Na,SO, + 2H,0 


ee —— — 
(v) One mole of H,O has two moles of bonds, three moles of atoms, ten moles of electrons and twenty eight 


moles of total fundamental particles in it. 


Ans. Water molecule is formed when two atoms of hydrogen combine with one atom of oxygen. 


(i) 
(ii) 
(iii) 


10 = 8e+8p+8n 
{H =1e+1p¢0n 
tH =1e+1p+on H 
Total sub atomic particles of H,O =10e + 10p + 8m'= 28 particles 
As shown by the formula of one molecule of water 
1 molecule of H,0 contains bonds = 2 
1 mol H,O molecules contains bonds = 2 moles 
1 molecule of H,0 contains atoms = 3 
1 mole H,0 molecules contain atoms = 3 moles 
1,0 molecule contains electrons = 8 +1+1= 10 
1 mol H,0 maiecule contain electrons = 10 moles 


(iv) 1H,0 molecule has subatomic Particles = 28 

Tmo! H,0 molecule have subatomic particles = 28 moles ‘ 
(vi}__ NW, and CO have the same number of electrons, protons and neutrons. 
Ans. 


6 C =6e+6p+6n 


VO =8e+8p+8n 


One molecule of carbon monoxide contains one 
carbon and one oxygen atom 


One molecule of nitr 


n 
sa ‘ogen contains two nitrogen 
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N= 7e + 7p+ 79 

e+ 7p+ 70 
1ae + 1ap +14n 
$0 N, and CO have same number of electrons, protons an 


NuMERICALS OF EXERCIS 


\d neutrons 


Qio. Calculate each of the following quantities. 
(a) Mass in grams of 2.74 moles of KMn0O,. 
Ans. Givendata 

Number of molesofKMnO, = = 2.74 moles 
Required 

Mass in grams of KMnO, =? 
Solution 


Mass of KMnO, 


Ni r of moles of KMn0O, = —— 
sa : Formula mass of KMnO, 


Formula mass of KMnO, =39+55+64=1588 mol’ = 
Mass of KMnO, 
2740 2 
158 
158 = 2.74=Mass of KMn0, 


= Mass of KMnO, 


432.928 
(b) Moles of O atoms in 9.00 g of Mg(NO,):- . 


Ans. Given data 
Mass of Mg(NO;), = 9.008 
Required 
Number of moles of Oatoms = =? 
Solution 


Mass-of Mg( NO, ), 
Molar mass of Mg(.NO,), 


~ “Number of moles of Mg (NO,); = 


Molar Mass of Mg (NO,), = 24 +2 (14 +3 x 16) = 148 g mol" 
9 
Number of moles of Mg (NO,). = 8 = 0.06 moles 
1 mole of Mg (NO,), contains O atoms = 6 moles 


0.06 moles of Mg (NO,); contain moles of O atoms = 0.06 «6 = 0.36 atoms 
(c) Number of O atoms in 10.037 g of CuSO,.5H,0 


Ans. Givendata 

Mass of CuSO,.5H;0 = = 10.0378 
Required 

Number of O atoms ==? 
Solution 


Mass of CuSO, SHO 


Number of moles of CuSO,.5H,O = 
moe “? Molar mass of CuSO, 5H,0 


Chapter 1 (Basic C, | 
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Molar Mass of CuSO,.54,0 = 63.5 + 32 + (4 16) + (5 x 18) = 249.5 g mol” 
10.037 
Number of moles of CuSO,.5H,0 = 705 
= 0.04 moles 
1 moles of CuSO,.5H,O have moles of O =g moles 
0.04 moles of CuSO,.5H,0 have moles of O =9x0.04 
= 0.36 moles 


Number of Oxygen atoms = Number of moles of oxygen atoms” Ny 
= 0.36 x 6.02 x 107 

Number of Oxygen atoms = 2.167 x 10" atoms 
See ————————— 
(4) Mass in kilograms of 2.6 x 10”° molecules of SO,. ‘ 
Ans. Given data 


Number of SO, molecules = 2.6 x 10° molecules 


Required 
Mass in kg of SO, molecules =? 
Solution 
Number of SO. molecules = MassofSO, moleciiies |, 
Molarmassof SO, a 
Molar Mass of SO, = 32 + (16 x 2) = 64 g mol” 
2.6 x10 . Massof 50, molecules ao 
64 
2.6*10" x64 
Goanig? = Massof SO, molecules 
27.641 x10"g = 
27.64) x10" 


ong 
2.764«10'hg = Massof SO, molecules 
{e) Moles of Ci atoms in 0.822 g C,H,Cl,. 


Pe  ——— 


Mass of C,H,Ci, = 0.822 


Required 
Number of moles of Ci atoms = ? 
Solution 
Number of moles of C,H,Cl,  » — Mass of C,H.CI 
Molar mass of C,H,Cl, 
Molar Mass of C,H,C1, =24+4+ e905 mel" 
Number of moles of C,H,Ci, _ 2822 
9 
= 0.0083 moles 
‘mele of CH.C!, contains moles of Cl atoms 
, 9.8083 moies of ¢ =2 moles 


HCl, Contain moles of Cl atoms 


= 0.00832 = 0.0966 moles 


jecti xu 
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(f Mass in grams of 5.136 moles of Ag,CO,. 


Ans. Given data 


Moles of Ag,CO, = §.136 moles 
Required 
Mass of Ag,CO, =? . 
Solution 
Masso! Ag,CO, 


“ 


f Ag.CO, = = 
Number of moles of Aes FormulaMass of Ag,CO, 


Formula mass of Ag,CO, = (108 x 2) 4 12 + (16 x 3) = 276 g mol" 
5.136 = Massof Ag,CO, 
276 
5.136 x 276 = Mass of Ag.CO, 
1417.54 6 = Mass of Ag.CO, 


(e) Mass in grams of 2.78 x 10" molecules of Cr0,Cl,. 
Ans. Given data 

Number of molecules of CrO,Cl, = 2.78 x 10” molecules 
Required 

Mass of molecules of Cr0,C1, in gram =? 
Solution 


Mass of CrO.Cl. 
Number of molecules of CrO,Cl, = ass 


— Mass oe tN, 
Molar mass of CrO,Ci, 

= 52+ 324712 155g mol" 

_ Mass of CrO,Cl 


155 

2.78x10" %155 

———— = Mass of CrO.Cl, 
6.02x10" eer Tia 


0.7158 g = Mass of CrO,Cl, 


Molar Mass of CrO,Ci, 


2.7810" x 6.0210" 


(h) Number of moles and formula units In 100 g of KCI0,. 


Ans. Given data 
Massof KCIO, =1008 
Required 
Number of moles of KCIO, =? 
Number of formula units of KCIO, =? 
Solution 
~ Number of moles of KCIO, Mats of SOD, 
Molar massof KCIO, 
Molar Mass of KCIO, = 394 35.5 + 48 = 122.5 g mol’ 
Number of moles of KCIO, . at = 0.516 moles 
1 mole of KCIO, contains formula units = 6.02 « 10” 


= 0.816% 6.02 « 10” 
= 4.91 > 10" formula units 


0.816 motes of KCIO, contain formule units 


Pa wae de oe 


eeaemrt tf 
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and O atoms in 100g of KCIO, (bh). —_—_—E—e———e—e——e———— Oe ees ee e_ee_e_ee_ eo 
pa ea eee TTT | 10.122 » 104 = Mass of aspartame 


it] Number of K ions, CIO,' tons, Cl atoms, 


D 
f ins KT 10ns. = 6.02% 10 
Ans. mole of KCIO, contains Kl 2975.878 = Mass of aspartame 


0.816 moles of KCIO, contain K* ions = 0.816 » 6.02 « 10" 


= 4.9110"! ions (d) How many hydrogen atoms are present in 2.43 8 of aspartame? 


smole of KCIO, contains CIO} ions = 6.02* 10" Anus “Given data 
0.816 moles of KCIO, contain CIO) ions © 0.816 » 6.02 « 10°? = 4.91 x 10” ions Molecular formula of Aspartame = CyHuN.O, 
Similarly Mass of Aspartame =2.438 
1 mole of KCIO, contains Cl atoms = 6.02 » 10° Required : 
0.816 moi of KCIO, contain Cl atoms = 4.91 x10" atoms Number of hydrogen atoms =? 
+ mole of KCIO, contains O atoms = 3 * 6.02 « 10’ atoms 
0816 moles of KCIO, contain O atoms = 0.816% 3 x 6.02 » 10” Seclusion 


Number of moles of aspartame = 


= 1.474 x 10" atoms = NO oe 
Molar mass of aspartame 


Molar mass of C,H.sN,O; = (12x14) + (118) + (2x14) + (165) 
= 168 +18 + 80 +28 f 
Ans. 1 mole of C,,HywN,O, = (12%14) + (1*18) + (142) + (16*5) = 294g mol" 
#168 £98 ¢-28'4.80 12S 0.00826 moles 
a 


an. = Aspartame, the artificial sweetener, has a molecular formula of C,,HisN,O,. 
(a) ‘What is the mass of one mole of aspartame? 


= 294g mol 
= OOOO Moles of hydrogen in one mote of aspartame =18 moles 
fp) How many moles are present in 52.6 of aspartame? 0.00826 moles of aspartame have moles of hydrogen =0.0826<18 =O 1487 
Ans. Given data Number of atoms of hydrogen = Number of moles of aspartame ~ Na 
Mass of aspartame =528 = 0.1487 « 6.02 x 10”? 
Required 
‘Number of moles of aspartame =? : " p 


= 0.8951 10” 
Number of atoms of hydrogen = 8.96 x 10” atoms 
Solution Qiz. Asample of 0.600 moles of a metal M reacts completely with excess of fluorine to form 46.8 of MF,. 
(a) How many moles of F are present in the sample of MF, that forms? 


Mass of aspartame 
Number of moles of aspartame = —————__—__—_—__ (b) Which element Is represented by the symbol M? 


Molar mass of aspartame 
Molar mass of CyHyN,O, == (12 x 14) +18 4 28 + (16 x 5) = 294g mol” —— = Ans. Given data 
- Number of moles of M = 0.600 moles 


Number of moles of as tame = =0. Wire 
pa 204 177 moles we Mass of MF; = 46.88 
eS EE EEE EE 
(c) What Is the mass in grams of 10.122 moles of aspartame? gare imber of moles of F ? 
—————————————————————— jut ig moles Lad 
Ans. Given 
— Actual name of Metal M = ? 
moles of Aspartame == 10.122 moles Solution 
as ‘ , M + F,-———> MF, 
Massofespaname = = ? Comparison between number of moles of M and MF, 
ution ; M MF, 
Number of motes of aspartame = —_Mass of aspartame 1 1 
Molar mass of aspartame 0.6 0.6 
Motes mass of ; ; 
CutteN,0, = (12 x14) + 18 + 28 + (16 x 5) = 294.g mol” Number.of molesof MF, = 0.6 moles 
10.122 = Massof aspartame 14 mole of MF; contain moles of F atoms = 2 2 


2 ‘ 
oe 0.6 mole: of MF; contain moles of F atoms =0.6x2 =1,2 moles JON 


on ee ee OO eh OP Pee 
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“4 
f ME. =a MassofMe __ 
Number of moles 0! 2 * Molar mass of MF, Required 
A6.8g Number of ions in 2.3 moles of NaClO, =? 
0.6mol = Molarmassof MF, Number of ions in2 moles of MgCl, =? 
Solution 
Molar mass of Me, = 2028 - 78g mol’ (i) 1mole of NaCiO, contains Na’ ions = 6.02 x 10” 
ame 2.3 moles of NaCiO, contain Na ions = 2.3% 6.02 x10" 
Atomic mass of M + (19 * 2) = 78g mol" (Atomic Mass of F=19) : = 13.846 x 10 ions 
M +38 =78 1 mole of NaCIO, contains CIO; ions = 6.02 x 10” 
M = 78-38 2.3 moles of NaCIO, contain CIO; ions =23*6.02" 10" 
Atomic mass of M =4o gmol" : = 13.846 x 10° ions 
So, Actual name of Metal M = Calcium (Ca) Total ions of NaClO, = Na‘ ions + CIO, ions 
3 2 
@13.__ Ineach pair, choose the !arger of the indicated quantity, or state if the samples are equal. = 13.846 * 10 50 13.846 = 10 
{a) _ individual particles 0.4 moles of oxygen molecules 07 0.8 moles of oxygen atoms. . Total ions of NaClO, — be = 2.7692 * bed or 
H (ii) amole of MgCl, contain Mg” ions = 6.02 x 10’ 
Ans. Both are equal. 2 mole of MgCl; contain Mg” ions 22x 6.02 x 107 
Renee = 12.04 « 10” ions 
0.4 moles of O, molecules and 0.4 moles of O atoms, both are equimolar quantities so, they have equal numbe, amole of MgCl, contain CI’ ions =2x 6.02% 107 
2 moles of MgCi; contain CI" ions =2x 2% 6,02 10" 
= 24.04 *107 


= Mg” ions + CI” ions 
= 12.94 x 10" + 24.04 x 10” 
= 3.612 x 10 lons 


of particles. 1.e. 
0.4 * 6.02 « 10” = 2.408 * 10°! moles = 
Total ions of MgCl, 


(d) Individual particles 4.0 g of N,O, or 3.3 g of SO,. 
Total ions of MgCl, 
contain larger number of ions. 


Given data 
Mass of N,O, oat 2 moles of MgCh rg pa 
() Molecules 11.0 g H,0 or 11.0 g H,0;. 


Mass of SO, 
Required 
Individual particles N,O, = ? Ans. Given data 
Individual particles $O, = ? MassofH,O =11.0g8 
MassofH,O, =11.0g 
Solution e 110; 
(i) Number of mole ~ __MassofN,O, Required 
siete wer eh 0% ” Molar TateOIN ais Number of molecules int1gofH,O = =? 
19, N : 
: Motor Mass of N,0, = (142) + (16% 4) = 92 gmol” umber of molecules in 11g of H;0, =? 
s28 Solution 
4 
7 92 x 6.02 x 10 (i) Number of molecules of H,O = __MassofHO xN, 
o2s8 xic® Molar massofH,O 
= x4 
4 
Number of molecules of N,O, = 2.58 x 10” molecules Molar Mass of H,0 eat a8 gmol 
; (i) Number of molecules of SO, - __Massof5O, XN. Number of molecules of H,0 -u x 6.0210" 
Molar massofso, * sicpebarat rigieeal jer cs 
Molar Mass Jumber of molecules x jecu! 
of SO, = 32+32=64 gmol" a eee 
3.3 ? (ii) Number of molecules of H,0, = —Massern®, wy, 
7 ae x10" s Molar massofH,O, 
' 
Number of molecules of SO = 0.3104 x 1073 Molar Mass of H.0, = 2432" 34 gmol 
= 50s = 3.1% 10" molecul n 3 
3.3 g of SO, has number of individual particles lecules Number of moles of H,0, = Pri *6.02x10" 
fe) __Total ions 2.3 moles of NaCIO, oF 2.0 moles o M ,? Number of molecules = 1.926 x 10 molecules 
Ans. Given data = 11g of H,0 contain larger number of molecules. 
Number of moles of NaClO, = 2 3 moles 
Number of moles of MgCl, =2 moles 
Ee 


1 UBC Pena re een 0 rn ee = 
37 


(il) NH,CONH, 
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of NaBr or 0.0145 kg of Nac! 


‘Ans Given data 


) 500 mole 


Moles of Naa 
Mass of Nac 0015 KR 14 SB 
Required 
noles of Nabr 


“ Ne Wn © §0L 
Nations in a Olas kg of NaC! a? 


Solution 


Nurnber of formula units of NaBr = Number of moles of NaBr « Na 


= 0.5 = 6.02~ 10" 


Number of formula units of NaBr = 3.01 « 10°’ formula units 


Since one NaBr contains ong Na anduneBr , So 


Number of Na‘ ions = =1= 3.01» 10” ions 
Number of Na ions = 3.01 x 10" ions 
Mass of NaC! 


* Formula Mass of NaCl ~ 
= 23 + 35.5° 58.5 gmol” 


2 145 x 6,02x10" 
585 


Number of formula units of NaCl 


Molar Mass of NaC! 


Number of formula units of NaCl 


Number of formula units of NaCl = 1.49 x 107 formula units 


Since one NaCl cogtains one Na‘ andoneCl’, So 
Numberof Naions = #1 1.49 x 107 ions 
Number of Na ions = 1.49 x 10" fons 
Number of Na’ ions in 0.5 moles of NaBr is larger. 


(h) Mass 6.02 x 10” atoms of ™U or 6.02 x 10" atoms of ™U, 


Ans. Given data 


Number of atoms = 6.02 » 10” atoms 


Required 

Mass of atoms =? 
Solution 

'sotopic mass of °U = 235 (1mole) 
Therefore, 

6.02 « 10” atoms of U™* have mass = 235g 
Similarly, 

6.02» 10 atoms of "U have mass = 238g 


6.02 x 10" atoms of “U have larger mass. 
Q14. (a) Calculate the percentage of nitrogen In the four Important fertilizers i.e. 
(INH, (li)NH,CONH, (urea) (il1)(NH, ), 50, (Iv)NH,NO, ‘ 
° 
(i) NH, 


Percentage of nitrogen = Mass of altrogen 
Formula mass of compound 


= 14+ (3*1)=14+3217 gmol" 


«100 
Molar mass of NH, 


14 
. 77 1100 82.38% 


Molar mass of NH,CONH, 
Percentage of nitrogen 


(Ill) (NH,),S0, 
Molar mass of (NH,);SO4 


Percentage of nitrogen 


(iv) NH,NO, 
Molar mass of NH,NO, 


Percentage of nitrogen 


#1442412 +16 +1492 60 gmol 


28 |, 00+ 46.67% 


=—x 


= (14 « 2) + (1 B) +324 (16 x 4) 
= 132 gmol” 


= 28 4002 21.21% 
132 


=14+4+14+ 48 280 gmol” 


= 28 ,400=35% 
30 


(b) Calculate the percentage of Nitrogen and Phosphorus in each of the following 


(i) NH,H,PO, 
Formula mass of NH,H,PO, 


Percentage of nitrogen 


Percentage of phosphorus 


(i) (NH,),HPO, 
: Molar mass of (NH,);HPO, 


Percentage of nitrogen 


Percentage of phosphorus 


(ill) ((NH4),PO, 
Molar mass of (NH,);PO, 


Percentage of nitrogen 


Percentage of phosphorus 


2144442 + 31+ 642115 gmol” 
= *4.x100=12.17% 

115 
= 2 x100=26.96% 

115 


= (14x 2) + (1x 8)+4+31+64 ~~ 
= 132 gmol™ 
= 28 54002 21.21% 

132 


= 31 x100= 23.48% 
132 


= (14x 3) +12 + 31+ 64 

2149 gmol” 

— x 100 = 28.19% 
149 


1 
= 3 x 100 = 20.81% 
1 


Qi5. Glticose CgH,Og is the most Important nutrient in the cell for generating chemical potential energy. Calculate 
the mass % of each element In glucose and determine the number of C, H and O atoms in 10.5 g of the sample. 


Ans. Given data 
Mass of Glucose 

Required 
Percentage of C 
Percentage of H 
Percentage of O 
Number of carbon atoms 
Number of hydrogen atoms 
Number of oxygen atoms 


=10.58 


=? 
=? 
=? 
=? 
=? 
=? 


v 
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Molar mass of Cogs = (6 x 12) + (1 x 12) + (16 x 6) 


e124 -e 
= 72 +12 +96 = 180 gmol Atomic ratio of oxygen =» 3235, 


3.225 
vee _ Mass of element oes Empirical formula = CH,O 
Molar mass ———————— 
n Q17. — Serotenin (Molar mass = 176 g mol") is a compound that conducts nerve impulses in brain and muscies. tt 
Percentage of carbon "s80 x 100 = 40% contains 68.2% C, 6.86% H, 15.09% N and 9.08% O. What is its molecular formula? 
Percentage of hydrogen = 2. x 100 = 6.66% Re even ee 
Teo Percentage of carbon = 68.2% 
Percentage of a - J Mato Percentage of hydrogen = 6.86% 
180 s Percentage of nitrogen = 15.09% 
Number of molecules of Glucose en Ne ; Percentage of oxygen = 9.08% 
Molar mass Molar mass = 176g mol’ 
= = * 6.02 x 107 : Required 
c ~ t =? 
Nu of of #0.351x 109 . : Molecular formula 
‘1 molecule of glucose contain carbon atoms. = 6 x 0.351 10” at 
= 2.107 x10" Number of gram atoms 
soem f 
t molecule of glucose contain hydrogen atoms = 12 x 0.351 x 107 Number of gram atoms ofelement = Bercermage obelement. 
= 4.212 x 10" atoms Atomic mass of element 
+ molecule of 3 
" glucose contain oxygen atoms = 6 x 0.351 x 10’ Number of gram atoms of carbon ¢S2's 5.68 mole 


= 2.107 x 10" atoms ip 
Q16. Ethylene. glyco! is used 2s automobile antifreeze. It has 38.7% carbon, = 


9.7% hydrogen and 51.6% oxygen. Its Number of gram atoms of hydrogen = = 680 mole 


molor mass is 62.1 grams mot”. Determine its empirical formula. 1.008 
i ———— Number of gram atoms of nitrogen i: 15.09 = 1.08 mole 
Percentage of carbon = 38.7% 14 
Percentage Z oxygen = raat Number of gram atoms of oxygen - = ae = 0.5675 mole 
Atomic ratio 
Empirical formula =? . : No. of gram atoms of element 
Sotution Atomic ratio of element 2S 
. Smallest number 
Number of gram stoms 5.68 
Atomic ratio of C = =10 
Number of gram atoms of element ~ Percentage of element 0.5675 
Atomic mass of element Atomic ratio of H = £8 La 
Number of gram stoms of carton = 387 3 225 mole asérs 
‘a Atomic ratio of N . ast =2 
Number of gram atoms of hydrogen = s 
ym 79-6 mole 
, a Atomic ratio of O : = ae) 
Number of 51. 
Gram atoms of oxygen . 7} = 3.225 mole Empirical formula = C\H,,N,O 
oe Molecular formula 
Atomic ratio of element NO. of gram atoms of element Molecular formula sn lermpleicefoceneh =) 
Smallest number Also we k now that 
Atomic ratio of carbon 2 3225, P _ Molecular mass 
3.225 Empirical formula mass 
‘Atomic ratio of hydrogen = 26, Empirical formula mass = CoHaN.0 


a a 
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= (12 x 10) + (1 « 12) + (14 x2) +96 
= 176 
176 


n =— 1 


176 


Putting the value of n=1ineq(i) 
Molecular formula = 1x (CoHN2O) 


Molecular formula =C,H,,N,0 


18. Anunknown metal M reacts with S to form a compound with a formula 
2.88 g of sulphur, what are the names of metal M and the compound M,S,? 


M,S,. If 3.12 g of M reacts with eran 


Ans. Givendata 


Mass of metaiM = 372g 

Mass of S = 2.888 
Required 

Name of metal M =? 

Name of compound M,S, =? 
Solution 


2M +35 ——> MS, 
Mass of sulphur 


Number of moles of sulphur) = ——_———-— 
Atomic mass of sulphur 


Pe Ls) (Atomic mass of $ = 32 g/mol) 


32 
Number of moles of S = 0.09 moles 
Comparison between moles of S and moles of M 
s M 
3 2 
’ 2/3 
0.09 2/3 * 0.09 
0.09 0.06 
Number of moles of M = = 0.06 moles 
Number of moles of M pass ctM 
Atomic mass of M 
0.06 moles 2228 
Atomic mass of M 
Atomic mass of M 232 
0.06 
Atomic mass of M = §2 emo! 
From the Atomic mass of M, it is clear that 
ae x u = Chromium (Cr) 
ie of M,S, = Cr,S, (Chromium sulphide) 


Q19. The octane present in gasoline burns according to the following equation 
2C aH yay + 2504 ——> 16CO 4) + 18H, OW 


fa) How many moles of O, are needed to react fully with 4 moles of octane? = 
Ans. Given data 


Number of moles of octane = 4 moles 
Required 
Number of moles of O, =? 
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Solution 
2CeHis + 250; » 16CO, + 18H,O 
Comparison between moles Of CsH.s and O, 

CeHis oO, 

2 25 

1 25/2 

4a 2s/2x4 
50 


4 
Number of molesofO, : SOmoles 


(b) How many moles of CO, can be produced from one mole of octane? 


Ans. Givendata 


Number of moles of octane =1mole 
Required 

Number of moles of CO, =? 
Solution 


2C;Hig + 250, ——— 16€0, + 18H,0 
Comparison between moles of CgH,s and moles of CO, 


Cobbs co, 

2 16 

1 16/2 
8 


1 
Number of molesof CO. : 8 moles 


8 8 Sa .—o——=— an 
{c) How many moles of water are produced by the combustion of 6 moles of octane? 


Ans. Given data 


Number of moles of octane = 6 moles 


Required 


Number of moles of H,O =. 


Solution 
2CgH,g + 250, ———+ 16CO, + 18H,O 
Comparison between moles of CyH,, and moles of HO 


Cots H,0 

2 18 

1 : 18/2 

6 18/2 x6 
6 : 54 


Number of moles of H,O 54 moles 


(d) If this reaction is to be used to synthesize 8 moles of CO,, how many grams of oxygen are needed? How many 


grams of octane will be used? 


Ans. Given data 

Number of moles of CO, 
Required 

Mass of O, = 


= 8 moles 
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=? 


Mass of Cys 
Solution 
Solution 
2CgHig + 250, ——? 16C0; * 18H,0 2Al + 3S > Al,S, 
Comparison between moles of CO; and moles of ature of roles of teecart 
Number of moles = Mass of A 
0. of Al = —— 
co, 2 Atomic massof Al 
16 25 Atomic mass of Al =27 gmol' 
25/16 
i pe Number of moles of Al = s = 0.740 moles 
8 12.5 Number of moles of S = ate 2 
Number of moles of O, 12.5 moles ticitcaseets poroien mass of S 
= = 32 gmol” 
Molar Mass of O, (16 = : 8 Number of moles of S 7 3 = 0.9375 moles 
lass of oxygen = 
Number of moles = Number of moles of product 
Molar mass of oxygen Comparing number of moles of Al and Al;S, 
_ Mass of oxygen Al : ALS, 
12.5 moles ” ~~ 32zemol emo” 2 rs 1 
12.532 = Mass of oxygen ac * x 0.740 
4008 = Mass of oxygen 0.740 0.37 ; 
Comparison between moles of CO, and moles of CoHis Number of moles of Al,S, 037 
, Comparing number of moles of S and Al,S, 
co, CHe 
s : ALS, 
16 2 3 : 1 
1 2/6 1 V3 
2. 0.9375 1/3 x 0.9375 
8 16 * 0.9375 0.3125 
Number of moles of Al,S, 0.3135 
8 v S is a limiting reactant because it has given less amount of Al,S, 
Number of moles of C,H,,: 1 mole Mass of Al,S, 
Molar Mass of Hg = (12 x8) + (1% 18) = 114 gol” Number of moles of Al,S, = ——Mass ofA, __ 
Massel Molar mass of Al,S, 
Number of moles of C,H,, = Molar massofCHe Molar mass of Al,S, ehh aa geet’ 
jass o 
0.3125 mol 2. 
mol - Mass of os 150 gmol” 
114g Mo! 0.3125 150 = Mass of Al,S, 
1x14 = Mass of CsHy 46.878 = Massof Al,S, 
"4g = Mass of Cas ) ete > AbS) nd Ad 
parison between sulphur juminium 
Q20. Calculate the number of grams of Al,S, which can be prepared by the reaction of 20g of Al and 30¢ of sulp'# s : Al 
How much the non-limiting reactant is in excess? = 3 2 
Ans. Given data ‘ 937 a * 0.937 
Mass of Aluminium == 20g 0.937 : 0.624 , 
Mass of Sulphur= 30 g Number of moles of Al = 0.624 moles ‘ 
Required Excess moles of Al = 0.74 ~- 0.624 
Mass of Al,S, =? = 0.116 moles 


Non-limiting reactant in excess =? 


a 
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fal Mass of Al 
Number of moles of Al = 7Al 
Atomic mass of A\ Na: ; % 
a 7 ; 
mic mass of Al =27 gmol 
ie Mass of Al 2.7 3% 2.17 
= ——__ 7 247 : 6.51 
6 mol = 
ie a7 enol Number of moles of N, 6.51 moles 
016 «27 = Mass of Al Hydrazine is a limiting reactant because, it has given less amount of N,. 
= Mass of Al (Non-limiting reactant in excess) Mass of N, tails 
Number of moles of N; = zz8 Wists CON = 
Molar mass of N, 


3.1328 
Q21.  Amixture of two liquids, hydrazine N,H, and N,O, are used as a fuel in rockets. They produce N, and wate 
0, 


vapours. How many grams of N, gas will be formed by reacting 100 g of N,H, and 200g of N,O,. 
2N,H, + N,O, ——> 3N, + 4H,0 


Ans. Given data 

Mass of N,H, =1008 

Mass of N,O, =2008 
Required 

Mass of N; 
Solution 

2N,H, + N,O, ———> 3N, + 4H,0 ’ 
Number of moles of reactant 


=? 


_ __Mass of N,H, 
Molar massof N,H, 


= (14 x2) + (1x 4) = 32 gmol" 


Number of moles of NH; 


Molar mass of N,H, 
Number of moles of N,H, Pd 
32 
= 3.125 moles 
_ ___Mass of N,O 


Number of moles of N,O, = 
Molar massof N,O, 


= (14 x 2) + (16 4) © 92:gmol" 


Molar mass of N,O, ‘ 
Number of moles of N,O, «22 
92 
= 2.17 moles 
Number of moles of product” ‘. 
Comparing number of moles of NH, and N, va 
NAH, N, 
2 : 3 
1 3/2 
3.125 3/2 * 3.125 
3.125 4.68 
Number of moles of N, ‘ 4.68 moles 


Comparing number of moles of N.O, and N, 


——____ 


= (14x 2) = 28 gmol' 


Molar mass of N, 
4.68 mol : Mast ofN, 

28 gmol 
4.68 x28 = Mass of N, 
131.048 = Mass of N, 

Qz2z. Silicon Carbide (SiC) Is an Important ceramic material. it Is produced by allowing sand (SIO,) to react with 
carbon at high temperature. 
SIO, + 36 ——> SKC + 2CO 


‘ When 100 kg sand fs reacted with excess of carbon, $1.4 kg of SIC Is produced. What Is the percentage yield of 
sic? x 
Ans. Given data 
Mass ofSiO, = 100kg 
= 100 x 1000 = 100,000 § 


Mass of SiC = 51.4 kg 
= 51.4 x 1000 = 51,400 § 
Required 


Percentage yield of SIC =? 
Solution , 
SIO, + 3C ——> SIC + 2CO 
Number of moles of reactant 
Mass of SiO, 
Number of moles of SiO, * Siclarman ofSI0, 
Molar mass of SIO, = 28 +(16 x 2)=60 gmol" 
Number of moles of SiO, = 20. 
6ogmol* 
Number of moles of SiO, =1666.66moles . 
Number of moles of product 
Comparing number of moles of SIO, and SiC 
SiO, i sic 
ee — i 1 
mee 1666.6 1666.6 ® 
te gx Numbar of moles of SIC = 1666.6 moles - 
Mass se 


SSSR Rar SS eae 
f Pcie ho ae 
Number of moles of SiC ” ler mass of SIC 


3284122 40 gmol" 


Molar mass of SIC 


we 8 Coty 


Mass of SiC 
1666.6 mol = —; 
40 gmol 
1666.6 x 40 = Mass of SiC 
66,666.48 = Mass of SiC 
Percentage yield 
I yield 
Percentage yield of SiC = Am x 100 
Theoretical yield 
2 21400 100 
66,666.4 


Percentage yield of SiC = 77% 


Example (1) : 

A sample of neon is found to consist of *°Ne,.,Ne,,, Ne in the percentages of go. 

\ sample of neon is f 9 is .92%, 0.26% and 8,82% respectively 
Calculate'the fractional atomic mass of neon. ish - mad : 
Ans. Givendata : _ 
Mass of “Ne = 20amu 
Mass of "Ne = 21amu 
Mass of ” Ne = 22amu 
Percentage of *Ne = 90.92% 

Percentage of " Ne= 0.26% 


Percentage of Ne = 8.82% 
Required 


Fractional atomic mass of Ne =? 
Solution 


Average Atomic mass of Ne = 


(Massof *Nex %of *Ne)+(Massof "Nex %of?'Ne}+ (MassofNex%of 2Ne) cr 
100 


7 {20 x 90.92) + (21 x 0.26) + (22 x 8.82) 
100 : 
: 1818.4 + 5.46 + 194.04 2017.9 . 
aon) = 700 towberg Ye -slom bo recmutl 
= 20.179amu ~s 


aero 
posed Into Its elements 5.2175 01 cathon, 0.9623 of hydrog 
oxygen. Calculate the percentage composition, compound wns rey a 
Ans. Givendata = = ae 
Mass of compound = 8.65; , yt 
Mass of carbon = samp ne ve 
Mass of hydrogen » 0.962 . 
Mass of oxygen = 2.478 1 
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Required 

Percentage of carbon=? 

Percentage of hydrogen =? 

Percentage-of oxygen =? . 
Solution 
Formula 

Mass of element 


Percentage of element = 14355 oF compound x 100 
5217 
Percentage of carbon = 3.657 * 100 = 60.26% 
Percentage of hydrogen = 2.962 x 100 = 11.11% 
8.657 ‘ 


2.478 
Percentage of oxygen = 8.657" 100 = 28.62% 


The above results tell us that in one hundred gram of the given compound, there are 60.628 of C, 11.11g of Hand 


28.628 of O. —— 5 
Example (3) 
Ascorbic acid 


(vitamin C) contains 40.92% carbon, 4.58% hydrogen and 54.5% of oxygen by mass. What is the 


empirical formula of the ascorbic acid? —E 
Ans. Given data 

Percentage of carbon = 40.92% 

Percentage of hydrogen = 4.58% 


Percentage of oxygen = 54.5% 
Required 
Empirical formula of Ascorbic acid = ? 
Solution: 
Number of gram atoms 
Number of gram atoms of element = Percentageofelement_ 
Atomic massofelement 
10.92 
Number of gram atoms of C . s0.92 = 3.41 gram atoms 
Number of gram atoms of H 8 = 4.54 gram atoms 
Number of gram atoms of 0 = #3 = 3.406 gram atoms 
Atomic Ratio 
Atomic ratio of " ‘ Number of gramatomsof element 
Smallestnumber 
3.41 
Atomic ratio of C =3.406"" 
; 454 _ 
Atomic ratio of H = 3.4067 1.33 
‘Atomic ration of O = 3.406" 


Conversion of atomic ratio into. whole ndmbers «<2 ono ms 
Jo convert the atomic ratio into whole number, multiply with three 
. C:H: 0 = 3(1:1.33:1) 83:43 

Empirical Formula — 
The above whole number ratio 
CHO, 


gives us the subscript for empirical formula of the Ascorbic acid 


TT 


Ans. Given data Required 
Molecular = 
Mass of organic compound = 0.5439g ee 
Empirical formula = ? 
Molecular formula = ? 
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compound gave 1.0396 of CO, , 0.63694 of H,0 . Determine the empirical formula of the compound, “ary percernaee Of hydrogen «5.50% 
km ound Percentage of oxygen = 29.06% 


Mass of carbon dioxide = 1.0398 
Mass of water = 0.6369g 
Required Solution 
Empirical formula of the compound = ? Number of Gram atoms 
Percentage composition of the sample : Number of gram atoms of element = Percengeof element 
‘tomic mass of el 
Mass of CO, 12 
perenne of carton * Mass sage compound “ag *100 Number of gram atoms ofC = set * S-4S gram atoms 
= 10308 x a0 100 = 52.08% ‘Number of gram atoms of H = 33S «5.45 gram atoms 
: 5 29.06 
Percentage of hydrogen = ——_Mussof 0 ___ 1228 100 Number of gramatomsofO = 76°55 = 1.82 gram atoms 
Mass of organic compound Atomic ratio 
= EE, 2218 «100 «13.0% ‘Atomic ratio of = umber of pam noms of lene 
ry number 
Percentage of oxygen = 100 — (% of C +.% of H) ahs od 545 
= 100 - (52.08 + 13.11) = 34.77% MomicratiootC = =19) "3 
Number of gram storms 
i 345 
Atomic ratio of H = = 
Number of gram atoms of element = Percentageofelement_ . 782°3 
~Atomicmassof element 1.82 
52.08 AtomicratioofO =a =4 
Number of gram atoms of C - ; 
gram atoms "42 7 4.34gram atoms Empirical formula of the compound 
Number of gram atoms of H en =13.00gramatoms 5 C, Hand O are present in the compound in the ratio of 3: 3: 1 so the empirical formulaC,H,O 
1, 
Molecular formula 
In order to determine the molecular formula, first calculate the empirical formuta mass. 


aA = 2.17 gramatoms 
16.00 Empirical formula Mass of C,H,O = 12 x 3 + 1.008 x 3 +16 x1= 55.05 gmol’ 


Number of gram atoms of O 
Atomic ratio 7 
Atomic ratio of element = humberof gramatoms of element Molecular Mass = 110.15 gmol"' 
Smatllestnumber oes Molecular Mass 
irical formula mass 
434 Erp 
Atomic ratio of C #27 72 10%, 
: 22s 
12.4 55.05 
Atomic ratio of . 28 
ratio of H 247" 6 Molecular formula = n x (Empirical formula) 
220. =2*C,H,O 
= CHO, 


Atomic ratio of O 247 i 
Empirical formula C,H,O 

The combeation anatysis ; rte: Ce : 
cxveen. Whats the Empirical fo cameaund shows I contain 45.44% carbon, §:90% dnpragen ond 0% (a) ae otsadiom | (0) _0.1kg of Siticon 

"Galea the molecular formula of the compound: nn mace of this compound ts 10.t54 m0 Ans. Given data 
. Se Mass of Sodium = 0.16 

. Percentage of carbon = 65.44% . pert nee eae Mass of Silicon = 0.1kg = 0.1 x 1000 = 1008 


(a) Number of gram atoms (moles) of sodium « 7 


(b) — Nurnber of grarn atoms (moles) of silicon » ? 
Solution = 
(2) — Formula 


Massofelementingrams 


Number of gram atoms = 


Atomi¢ mass of Na = 23g mol"! 
Oly 
23gmol"' 
(b) Atomic mass of Si = 28.086 g mol” 


Number of gram atoms of Na = 


Number of gram atoms of siz ——!008__ 


28.086gmor" ~ #56moles 


Example (7) 
Calculate the mass of 10° moles of MgSO, 
Ans. Given data 
Moles of MgSO, = 107 
Required 
Mass of MgSO, = ? 
Solution 


MgSO, is an ionic compound. We will consider its formula mass in place of molecular mass. 
Number of gram formula or 


Mass of ionic substance 
Formula mass of ionic substance 
Formula mass of MgSO, = 24+32+16x4 


Mole of the substance = 


= 24 +32 +64=120 gmol” sareidion 
Applying the formula 
10” mol = Massof MgSO. wer 
120gmol" 


12 x 10” = Mass of MgSO, 
0.126 = Mass of MgSO, 
| Example (8) ; 
F How many molecules of water are there in 10.0g of ice? Also calculate the number of atoms of hydrogen and oxygen 
Separately, the total number of atoms and the covalent bonds present in the sample. 
Ans. Given data 
Mass of ice = 10.0g 
Required 
Number of molecules of water =? 
Number of atoms of hydrogen = ? 
Number of atoms of oxygen = ? . _ . 
Total number of atoms =? = ets i Ae 
Total number of covalent bonds = ? yet ey old 9 
Number of molecules of water ~ a = 
Formula 


Number of molecules of H,O = 


Mass of H,O xN, 
Molarmass of H,O 
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Molar Mass of H.0 = 2646 


= 18g mol" 
wo 2” 
1a “6.02% 10) 


= 0.55 x 6.02 « 10” 
= 3.31% 10” molecules 
Number of molecules of water = 3.31: 10 molecules 
‘Number hydrogen atoms 
One molecule of water Contains hydrogen atoms = 2 
3.3110” molecules of water contain hydrogen atomss 273.31 10" 
= 6.62 «10” 
Number of oxygen atoms 
One molecule of water contains Oxygen atom =14 
3.3110” molecules of water contain ‘Oxygen atom = 1» 3.31~10" 


= 3.31x10" 
Total number of atoms of hydrogen and oxygen 
= 6.62 x 10° + 3.31 10” 
= 9,93x10" ‘ 
Total Number of Covalent Bonds 
One molecule of water contains covalent bonds = 2 
3.3110" molecules of water contain covalent bonds =2 x 3.31 10” 


66210" : ou 
Example (9) 


10.08 of H,PO, has been dissolved in excess of water to dissociate into ions. 
Calculate, 
(a) Number of molecules In 10.0g of H,PO, . 
(b) Number of positive and negative ions in case of complete dissociation in water. 
{c) Masses of individual lons. 
(d) Number of positive and negative charges dispersed in the solution. 


Ans. Given data ; 
Mass of H,PO, = 10.0g 

Molar Mass of H,PO, = 3 +31+64=98gmol' F 

Required 


(a) Number of molecules in 10.0g of H,PO, = ? 

(b) Number of positive and negative ions in case of complete dissociation in water = ? 
(c)__Masses of individualions = tame - 

(d) Number of positive and Negative charges Gispersed i in the solution =? 


(a) Number of molecules 
Formula 
MassofH,PO, xN 4 aon 


Number of Molecule = MolarmassofH,PO, as 


= — 10.08 _ 602 x 10” 
98.0g mol” 


= 0.102 x 6.02 x 10” 
= 0.614% 10” molecules 


(0) H,PO, dissolves in water and lonised as follows. 
H,PO, %& 3H" + PO,” 
According to the balance chemical equation 


H,PO, H 
1 : “3 
6.14 x 107 3x 6.14 x 107 
1.842 x 10” 

Hence, the number of H* is 1.842 x10” 

H,PO, : PO,” 

1 : | 
6.14 x 10” 6.14 x 10” 


Hence, the number of PO,” ions is 6.1410” 
(c} Masses of individual ions 


(Maes of positive ions 
Massof H”™ . 
ionic massof H* . 


van « 10? = Masset 


Number of H* = 


x 6.02 x 10” 


a7 
Mass of H’ = 1.842 x10” x1.008 
6.02 x10” 
Mass of H” = 0.308% 
Mass of PO,” ions 


= 0.3088 


Number of PO, « —Massof PO,” 
- * “ lonicmass of PO,” 


lonic Mass of PO,” = 31+ 64=95gmol” 


6.14 x 10” « Mestre x 6.02 x 10” 


xN 


A 


Mass of PO,” = 9.689g 


(a) Wumber of positive and negative charges 
One molecules of H,PO, positive charges = 


3 
6.14x 10" molecules of H,PO, gives positive charges=3x6.14 x 10" , : 
= 1.842 x10” 


= 1,842 x10” positivecharges 
Number of positive and negative charges are always equal. 


So number of negative charges = 1.842 x 10” negativecharges 


ee Sie 
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Example (10) 


A weil known ideal gas is enclosed in a container 
What Is the molar mass of this gas? 


having volume soocm? at S.1.P. Its mass comes out to be 0.72. 


Ans. Given data 
Volume of the ideal gas = Soocm’ 
Mass of the ideal gas = 0.728, 
Required 
Molar mass of the gas = ? 
Solution 
We can calculate the number of moles of the ideal gas at S.T.P from the given volume. 
22.414dm' of 22414cm’ of the ideal gas at $.7.P = mole 


. 1 
tem’ of the ideal gas at S.T.P = ——— 


22414 
‘ \ a 
500 cin’ of the ideal gas at S.7.P = 2ata* 500 
= 0.0223 moles 
We know that 
Number of moles of gas = —Massofthegas _ 
Molar massof the gas 
0272p 
0.0223 mole ee 


© Molar massof the gas 
0. 
Molar mags of the gas = — 
: be 0.02; 


Moiar mass of the gas = 32gmol" 
SSS 


Example (11) 


Calculate the number of grams of K,SO, and water produced when 14g of KOH are reacted with excess of H,S0,. Also 
calculate the number of molecules of water produced. 


ae SSO 


Ans. Givendata 


Mass of KOH =1ag 
Molar mass of KOH = 39 +16 +1= 56 gmol” 
Required 
Number of grams (Mass) of K.SO, =? 
Mass of 11.0 =? 
Number of molecules of H,O 2> 
Solution 

Mass of KOH. 
Number of motes of KOH = 74513; mass of KOH 

= aman = 0.25moles 

Equation 


2KOH +H,SO, -> K;SO, + 2H,0 
Comparison between Number of moles of KOH and K,S0, 


KOH : K,S0, 
2 : ,/ 
. 1 
1 2 


1 
0.25 2% 0-25 


0.28 0.125 _ . 
Number of moles of K,SO, = .0.125mole . = — 
f - ay 
Number of moles of K,SO, = MassofK,SO, 
: Molarmass of K,SO, 


Molar Mass of K,SO, = 39x 2+ 32+16x4 
= 78 + 32+ 64=174 gmol 


0.125 moles = Massofk,SO, 
174gmol” 
0.125 x 174 = Mass of K,SO, 
21.758 = Mass of K,SO, 
Comparison between number of moles of KOH and H20 
KOH ; H,0 
2 2 
1 1 
0.25 : 0.25 
Number of moles of H,O = 0.25moles 
Number of moles of H,O = —MassofH,O _ 
Molarmass of H,O 
Molar mass of H,O =2+16 =18 gmol" 
0.25moles = MassofH,O 
18gmol" 
0.25 x18 = MassofH,O - ——=- = + 
4568 = Massof H,O 
Number of molecules of H,O Te SMG Ae 


Number of molecules of H,O =.Number of moles of H,O.x_N, 
= 0.25 x 6.02 x 10” 


= 1.505 x 10° molecules ; 
Number of molecules of H.O = 1.5510” molecules 


Example (12) 
Mg metal reacts with HCI to give H, gas. What is the minim 


lum volume of HCI solution (27% by Mass) required to 
Produce 12.1 of H, ? The density of HCI solution is 1.14gcm?. ’ 


Mé,,, + 2HCI,,, ——> MgCl, (oa + Hy ‘ : 
Given data 
Mass of H, produced = 12.1 
Density of HCI solution = 1.1agcem? 
Percentage of HCI solution = 27% 
Required “ ¥ wd 
Volume of HCI solution = ? 
Solution 


First of all convert the Mass of H 


; into moles, then compare the moles of H, and moles of HCI according t0 
balance chemical equation, 
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Formula 
Number of moles of H, = —Massof H, 


Molar massof H, 
Molar Mass of H, = 2.016 gmol"! 


Number of moles of H, = 12.1g = 6mole Ke 
7 * 2.016 gmol™ 
Equation ; 

MB.) * 2HCI,.y ——>MeCl, +H, kes 
Comparison between Number of Moles of H, and HCI 2, y 

H, HCI 5 
1 : 2 
6 26 
6 


Moles of HCI = 12 moles 
Molar Mass of HC! = 1+ 35.5 = 36.5gmol 
Mass of HCI = Number of Moles of HCI x Molar Mass of HCI 
= 12 moles x 36.5 gmol"' = 438g 
Mass of HCI = 438grams 


We know that the percentage of HCI = 27% by weight, it means that 
278 of HCI are present in HCI solution « 100g 


100 
1g of HClis percent in HCI solution = Wes = 
100 — 
438 of HCI are present in HCI solution = DW * 438 
= 1622.28 
Mass of HCI solution 
Volume of HCI = Density of HCl 
1622.22 
lume of HCI = ————=— 
Voly l.éeem? 
= 1422.98 cm’ 


—=——— 
Example (13) 


NH, gas can be prepared by heating together two solids, NH,CI and Ca(OH), . If a mixture containing 100g of each 
solid is heated then 

(a) Calculate the number of grams of NH, produced 
+ Ca(OH), 
Ans. Given data 


(b) Calculate the excess amount of reagent left unreacted 


— CaCl. +2NH. 


2NH,CI, ats) (9) Me) 


Ms) 


+2H,0,, 


. Mass of NH,C! = 100g 


Mass of Ca(OH), = 100g 
Required : 
(a) Number of grams (mass) of NH, = 
(b) —_ Excess amount of reagent left unreacted =? 
Solution: 
Number of moles of reactants 
Formula See 
Mass ingrams 

Molarmass 


Number of moles = 
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Molar mass of NH,CI = 14 + 4 + 35.5 =53.5gmol" 
100g 
53.5 gmol” 

Molar mass of Ca(OH), = 40 + 16x 2+2 


Number of moles of NH,CI = = 1.87mole 


= 40 + 32+2=74gmol' 


Number of moles of Ca(OH), = — 1008 _ = 1.35mole 
> 74 gmol 

Number of moles of product (NH,) 

Equation 


2NH,Cl,, +Ca(OH),,, > CaCly,, + 2NH,,, + 2H,0, 
Comparison between number of moles of NH,Cl and NH, 


1) 


NH,CI : NH, 
2 $ 2 
1 1 

1.87 : 1.87 


Number of moles of NH, = 1.87 moles 
Comparison between number of moles of Ca(OH), and NH, 


Ca(OH), : NH, 
1 : 2 

1.35 : 2x 1.35 
1.35 : 2.70 


Number of moles of NH, = 2.70 moles 
Since the number of moles of NH, produced by 100g of NH, Clare less, so NH,CI is the limiting reactant. The other 
reactant, Ca(OH). is present in excess. 
Hence 
Mass of NH, produced = 1.87moles x 17gmo!" 
= 31.179 
(b) Amount of the reagent present in excess 


Te calculate the amount of the reagent present in excess Compare the moles of- NH,CI and Ca (OH), 


NH,CI Ca(OH), 
2 1 
1 I 
2 
1.87 : 4/2 x 1.87 
1.87 : 0.935 


Hence the number of moles of Ca (OH), which completely react with 1.87 moles of NH,CI is 0.935 moles. 


Number of moles of Ca (Oh), taken = 1.35 moles 
Number of moles of Ca (OH), used = 0.935moles 
Number of moles of Ca(OH), left behind = 1.35 - 0.935 
= 0.415 
Mass of Ca(OH), left unreacted (excess) = 0.415 x 74 
= 30.718 
Excess amount of Ca(OH), left unreacted = 30.71g 


EE. 
a In industry, costly reactant Is always taken as limiting reactant. ; 
——————————— SSS SS 
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Example (14) 
When lime stone |s roasted, 
Gok ema ine sore tear sas mH 
Caco, > a0, + 0, 
Ans. Given data 
Mass of limestone roasted = 4.5kg = 4.5 x 1000. 
Mass of quick lime (actual yield) = 2.5kg = 2.5 x 1000 
Molar Mass of CaCO, = 40 +12 +16 x 3 
= 40 +12 +48 = 100gmol 
Molar mass of CaO = 40 + 16 = S6gmol”" 
Required 
Percentage yield of CaO = ? 
Solution 
Equation 


= 45008 
= 25008 


CacOy,, > CaO, + co,,, 


According to balanced chemical equation 
100 of Caco, give CaO = 56g 


6 
1g of CaCO, gives CaO 2, 
6 
4500§ of CaCO, give Ca0 = > x 4500 = 25208 2 
Theoretical yield of CaO = 2520g 7 - 
Actual yield of CaO = 2500g 
Actual yield ua 
Theoretical yield 

2300 
. 2520 * 100 

= 99.2% 
% yield of CaO = 99.2% 


Percentage yield = 


Additional Questions 


Ans. — In industry, costly reactant is taken in small amounts and cheaper one in excess. As a result of that costly 
reactant is completely consumed earlier. Hence, its amount is not wasted. Due to which reaction becomes 
economical and there is no financial loss of costly reactant. 


Qa Oifferentiate between qualitative and quantitative analysis. 


whi 
is which is made to. identify different | The analysis e 
eats area In the compound is called as | amount of each element present in the compound is 
q nalysis. 
en lysis to detect the elements present | By this analysis we can calculate the %age of element 
present in the compound. 

e.g. Volumetric analysis, 


ravimetric analysis. 


combustion analysis, 
e.g. Salt analysis, 


roups. 


te 
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a In combustion analysis, why the %age of oxygen cannot be measured directly? = 


Ans. in combustion analysis, a known amount of organic compound is burnt in free Supply of oxygen. The Carbo, 
hydrogen of the organic compound is converted into CO, and H,O respectively. But as OXYBeEN gas is also a 
provided from the external source to burn the organic compound, so we cannot measure the Hage of ox, 
present in the compound directly. However it is determined by method of difference yen 

% ageof O= 100-(%ageof C+ %age of H) 


a How can we calculate the efficiency of a chemical reaction? 

Ans. The efficiency of a chemical reaction is calculated in the term of % age yield. “Percentage yield is defined as 
the ratio of the actual yield to the theoretical yield multiplied by 100.” aS: itis 

Theoretical yield 


Greater the % age yield of a chemical reaction, more amount of product is formed. Hence Breater the efficig, 
of the reaction. 


% age yield = x 100 


wnt CRN SSS 


Ans. A substance formed by the reaction of two or more chemical elements. The elements in a compound are 


a 


present in fixed ratios. For example pure water is a compound made from two elements - hydrogen and Oxygen, 
The fixed ratio of hydrogen to oxygen in water is 2:1. Each molecule of water contains two hydrogen atoms 
bonded to a single oxygen atom. 


Compounds can be decomposed chemically into their constituent elements. 
The Term formula mass is used for Ionic compounds Instead of molecular mass. 


Ans. The term formula Unit is used for the ionic compounds as represented in their empirical formula. And the.sum 


PEP EPEPELLD 


of atomic masses of elements in the formula unit is called formula mass e.g Formula Unit of sodium chloride is 
NaCl and formula mass is 58.5g/ mole. The term molecular mass is used for molecular compounds é.g. H,0. 


vious Board 


How does a limiting reactant control the amounts of products formed? 

How can the efficiency of a chemical,reaction he expressed? ; 

Concept of limiting reactant is not applicable to the reversible reactions. Explain it. 
The atomic masses may be in fractions. Why? 

What is the function of electrometer in mass spectrometer? 

Which laws are to be considered during stoichiometric calcolations? 

What [s the justification of two strong peaks in mass spectrum of bromine? . 
Amount of products formed during a chemical reaction; depend upon the amount of limiting reactant. Justify. 
Explain formation of ions-with respectto.energy changes. Se = = =a 
Give the applications of limiting reactant. Y" : a. via ek 
Why the isotopes have same cHémical properties? 
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Chapter 2 


EXPERIMENTAL TECHNIQUES 
on ' IN CHEMISTRY 


Analytical Chemistry* cy 
% Fi : Be de DX 
“The branch of cheffistry which deals with the chemical cHiaracterization (qualitative and quantitative analysis) of 
a compound is called analytical chemistry.” 
Major steps involved in quantitative analysis of a compound 


Following major steps are necessary for complete quantitative analysis of a compound 
i. Obtaining a sample for analysis, 
ii, Separation of the desired constituent. 
iii, Measurement and calculation of results. 


iv. Drawing conclusion from the analysis. 


SEPARATION TECHNIQUES] 


in which insoluble particles (suspended particles or precipitates) are separated from liquids is called 


\W- 


HILTRATION 


filt 
Filter média : : 
Filtration can be performed with several types of filter media. Nature of the precipitate and other factors dictate which 
filter medium must be used. Following filter media are frequently used for filtration. 


° Filter paper . Paper pulp ° Filter crucibles 
. Cloth ° Cotton ° Sand 
Filtration through filter paper 


1. Filtration by a glass funnel and filter paper is usually a slow process. As the mixture is poured onto the filter paper, 
the solvent (water) passes through leaving behind the suspended particles on the filter paper. ‘ ; 
2. Filter papers are available in variety of porosites (pore sizes). Which pote size is to be used, depends upon the size of 
icles in the precipitate. a ~g'- + 
3. par paper pu be large enough so that it.is one-fourth to,one-half full of precipitate at the end of filtration. 
The funnel should be large enough for its rinf t6 €xteiid | to 2 cm above the top effeuniference of the paper ih 
4. Ifthe process of filtration is to run smoothly, the stem of the funnel should remaif COntihUOUSTy full of Tiquid as long 


as there is liquid in the conical portion. f = 4 
5 f funnel should be several inches long so that it can ¢ 
E abet and ip Would tolich the side of the beaker. In this way, the 


splisting. 


xtend a few centimeters down into the receiving 
filtrate runs down the side of beaker without 


SE * 


aw 


Filtration assembly Fittratl 
Folding of filter paper lon assembly 


The folding of filter paper is important and following points should be kept in mind: 
© The paper should be folded twice. The first fold should be al iamet paper. 
such that the edges do not quite match. eee a +The scone fol should be 


© The paper should be opened on the slightly larger section. Thi 

around and one thickness the other halfway = 
© The paper may then be inserted into 60° fu 
Suction and Rate of Filtration 


The filtering operation could be very time.consuming if it i 
through stem. This suction cannot develop unless the Risttnellnmaen: 


Fluted filter paper 
The rate of filtration through conical funnel can be considerably increased by 


Provides a cone with three-fold thic! 
around and an apex angle very slightly greater than 60° . 
mnel, moistened with water and firmly pressed down, 


kness halfway 


by a gentle suction as liquid 
paper fits tightly all around its upper circumference. eae 


using fluted filter paper. For preparation of such a paper ordinary filter paper is folded in Q Rate of filtration can 


such @ way that a fan like arrangement with alternate elevations and depressions at © D€ Increased’-by- using 


various folds is obtained, In this way, we increase the surface area of filter paper. Asa fluted filter paper. Justify 
result, the rate of filtration increases, 


Filtration through filter crucibles 


This is a convenient way to filter a precipitate by suction through.a crucible; Two - 
f crucibles are generally used, cele pore! ® ‘pi 
Olfferentiate.. be 
iii 2 (oe ae Gooch crucible ang, sinjered 
is made up ¢ ¥ glass crucible. 


Cf has a erferter va which is co or a filter paper cut to its 
ize, _— . = ’ A+» 
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«Quick filtration can be done by placing the crucibles in a suction filtering apparatus 


Le Trcis_useful for the filtration of Precipitates, which need to be ignited. at hzher & 
tempermure ~ . = 


Gooen € 
crucible va : 


¢ If its perforations are covered with asbestos mat then it may be used to filter solutions 
that react with paper e.g, concentrated HCl, KMnO, (alkaline) solutions etc 

Sintered giass crucible_ 

* his 

No 


vr 
as With the 


"1 pa is ; 
CRYSTALLIZATION] be Gye (¢ 


“Crystallization 1s the removal of a solid from solution by increasing it 
concentration above the saturation point in such a manner that the excess solid 
separates out in the form of crystals.” 

Principle . 
The basic principle of crystallization is that solute should be soluble ina suitable Q. Why NaCl canno" be 
solvent at high temperature and excess amount of solute is thrown out as crystals when it Purified by crystaliizatn? 
is cooled > » 

Steps involved in crystallization . 

The progess of crystallization involves the following steps 


Sinterea Glass 


1. Choice of a solvent 

2 Preparation of the saturated solution 

3. Filtration 

4 Cooling 

$. Collecting the crystals 

6. Drying the erystals 

TW! Decelourrzation of undesirable colours . 
ARE ORESE RSE OER TRER = ARS GREET pr pean am 
Qg. Write down the main characteristics of a solvent selected for crystallization of a compound. 

; 

(1) Choice of solvent 


The solvent is chosen on hit and trial basis. It 1s necessary to try a number of solvents before arriving ita conclusion. 


Characteristics of an ideal solvent 


It should dissolve a large amount of the substance (solute) at its boring point and only a small amount at the 
_— foom temperature 


— Fil) Wt should not chemically react with solute. 


(iii) 11 should either not dissolve the impurities or impurities should not be crystallize trom it along with the solute 
(iv) ‘Orreeeting. it should deposit well-formed crystals of the pure compound 
(v)  Itshould be inexpensive ~~ 
(vi) It should be sate to use and should be easily removable 
Mostly used solvents 
The solvents: which are mostly used for crystallization are 


© Water (HO) © Rectified spirit (95% ethanol) | ¢ Absolute ethanol 


© Acetic acid (CH,COOHN) 


Chlorotomm © HCL) 
© Acetone (CH .COCH, ) © Chlorotum et 


© Carbon tetrachloride (CCl) 
L 


au dbo 
© Petroleum ether © Dicthst ether (Ht 


\ 


done of ihe svivents ty found suitable for crystallization, a combination of two or 
be Guplused 
Precautionary Measures 


at - e Chapter 2 (Experimental Techniques in Chemi 
Combination of waa se ee 


more miscible solvents may 


{1 Un solvent ts wnflamnmable then precaution should be taken while heating the solution so that it does 
NOt catch 


file tu suet cases, water bath 19 used for heating purpose. 
(2) Preparation of the saturated solution 


© Ares selecting a suit 


Jyrectly of on a water bath with constant stirring. 


© Add more solvent to the boiling solution if Necessary until all the solute has dissolved. - 


(3) Filtration 

© The msuiuble impurities in saturated solution are then removed by filtering the hot 
saturated solution, through a normal or fluted filter paper. 

© Pius avons the premature crystallization of the solute on the filter Paper or in the 
juunel stent 

© Haecessary hot water funnel should be used for this purpose. 


(4) Cooling 

¢ the hot ttered solution is then cooled at a moderate rate so that medium sized 
ery stais are formed. 

© Slow cooling yields bigger crystals which are likely to include considerable amount 
of solvent carrying ‘mpurities with it and complicating the drying process. 


(©} Collecting the Crystals 
Filtration: When the crystallization is complete, the mixture of crystals and the mother 
liquor ts filtered through a Gooch crucible using a vacuum pump. Full suction is applied 
in order to drain the mother liquor from the crystals as effectively as possible. 
Pressing: When the filter cake is rigid enough, il is pressed firmly with a cork to drain 
the left-over liquid. * 
Washing: The crystals are then washed with a small portion of cold solvent and the 
Process 43 repeated for several times. 
Evaporation: The mother liquor is quite often concentrated by evaporation and cooled 
to wbtain a fresh crop of crystals. : 
St.ccess of Operation: The process of crystallization appears to be very simple yet the 
"2eess Of operation lies in the amount of percentage of crystallized product obtained 
trom the crude substance. 


(6) Drying of crystallized substance 


(i) Through filter paper 

Pressing it between several folds of filter papers und repeating the process several times 

dries the crystallized substance. This process has the disadvantage ‘that the crystals are 

rodney \” * fine Powder and sometimes the fibres of filter paper contaminate the 
uct. 

(il) Drying in an oven 

"he cry stals are dried in an oven provided the substance does not melt or decompose on 

heating at 100°C. 


‘le sulvent, the substance is then dissolved in a minimum amount of solvent and is heatey 


Hot Saturatea ~ 
Solution 


‘Sucton, 
pam 


a What is safe and 
feliable method of drying 
the crystals? 


Scholar's CHEMISTRY Xi (subjecive, 


(iii) Vacuum Desiccator 

A safe and reliable method of drying crystals is thre f 
process, crystals are spread over a watch glass and keph in 
hours. Drying agents used in a desiceatos are CaCh,, silica gel oF phosphurous pentaoride 
(P:0s) [con. H2SO, also}. 

(7) Decolourization of Undesirable Colours 


resinous products affect the appearice of product «. 
impurities are conveniently removed by bu 
sufficient quantity of finely powdered animat charcoal and hen 
solution. The coloured impurities are adsorbed by anima! charcos! 
decolourized substance crystallizes out trom the filtrate on cooling 


® Vacuum desiccator In this 


uu desiccator for several 


Quring matter or 


Sometimes during the preparation of crude substance, the col. 
al Womey appear coloured Such 


substance iy Uh 


Qs 


Ans. 


Why is there a need to crystallize the crude product? 


The preparation of chemical compounds usually affords a crude product. The 
crude product may contain soluble and insoluble impurities. Insoluble impurities 
are removed by filtration while soluble impurities are removed vy Crystallizavon 
process. Crystallization also gives a definite geometrica! snape to the crystals of 
the crude product. So in order to get pure product in the form of crystals tnere 


is a need to crystallize the crude product. 
SUBLIMATION! 

“The, process in which a solid, when heated vapourizes directly without Passing 
through the liquid phase and these vapours can be condensed to form the solid 
again is called sublimation.” 

Solid —— Vapours 


© Iris frequently used to purify a solid. 


Examples 


‘Sunpte Desiccator 


< sulvent with siica gel ss prepated oy 
filtering the hot acieificaton of sogun 
Sand the pure siheate with sulphunc acio 
followed by wasting wath 


water and arying. 


Q. How (ol0ured unputities ate 
FeMmuver HON) (huge Substance 
during crystallization 


The: 
war 


s endothermic phase 
SALVO OCCUTS at 


Temperatures and pressures 
below the triple pount. 
Example: 
Dry ces solid carbon 
dioxide. At room temperature 
and pressure, wt sublimates 


into carbon diogide vapour 


Benzoic acid, naphthalene, iodine (1,), ammonium chloride (NH,CI), dry ive {solid CO}) ete 


Sublimand ; 
‘The solid substance which is being sublimed is called sublimand. 


Sublimate ; 
‘The pure solid obtained after sublimation is called sublimate, 
Sublimation process 

To curry out the process, the substance. 
Tunnel, The substance is then show hy bs. 
Wet cotton. The pure solid deposits of Ure tic 


sass, covered With 
rath and fated sss 


taken wi wats 


Vota 
andy Oh babitel, 


due 


niverted : 


Chapter 2 (Experimenta Techniques in Chem 
) 
Etre Stopper 


“Its a technique im which a solute can be separated from a solution by shaking 


the solution with a solvent in which the solute is more soluble and the added 
solvent does not mix with the solution.” 
Characteristics 
The main characteristics of solvent extraction are as follows Ether taye, 
© Itts.an equilibrium process and follows the distribution law Water tay 
er 


¢ This technique is particularly useful when the Product is volatile or thermally ° 
rstuble ‘ 
¢  Itis.a convenient technique and is carried out in separating funnel. | * 
= | 


Distribution Law / Partition Law s 
| 
“A solute distributes itself between two immiscible liquids in a constant ratio of eae funnel 
concentrations irrespective of the amount of solute added.” 


Applications of distribution law 


(i) — Solvent extraction 


(1) -Liquid-phase chromatography 
Distribution co-efficient 
“The ratio of concentration of solute dissolved in t i i libri . fabesiacs: 
ecefficiens:” in two immiscible liquids at equilibrium is called distribution 


— Concentration of solute in organic phase 
Concentration of solute in aqueous phase 
Process > 
Solvent €xtraction is an important technique in chemical analysis. Usually. it is done by placing the solution and 
the second liquid into a separating funnel. The funnel is stoppered and the two liquids are shaken together. 


Ether Extraction 


The most common laboratory example of solvent extraction is ether extraction. This is used to separate products 
of organic synthesis from water. In a typical organic synthesis, the aqueous solution containing the organic product 1s 
shaken up with ether in a separating funnel and allowed to separate. The inorganic impurities remain in aqucous phase 
whereas the organic compound goes to the ether layer. The ether layer is separated and the organic compound 1s obtained 
by evaporating the ether 
Efficiency of the process 

Repeated extractions by using small portions of solvent are more efficient than using a single but larger volume of 
solvent. 

Carbon Tetrachloride (CCi,) Extraction : , 
The distribution of iodine between two immiscible solvents, nile ia ie Presence of KI and CCl,. lodine reacts 
with iodide ion to produce tri-iodide ion in a reversible reaction. The following dynamic equilibrium is established . axd 
“1 ‘ 4 
Mm) . 
Soluble in water , 


i + ff, — 


2 (ma) 


Soluble in CCL, : 
At this point, the rate at which iodine Passes from CCl, to water equals the rate at which it passes from water to CCk. su? 


bremilove 


So, if we add CCI, to an aqueous solution of 5 ions, the iodine will transfer from the aqticous ‘layér'into’ organic Tayer, ‘As 
22g 014 NOith; Widy 

a result, the brown colour of tri-iodide ions fades and the purple colour of free iodine molecules appears in organic phase. 

and improve the chances 


To achieve a good separation, the two liquids are gently shaken to increase their area of contact 
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of transferring todine moiecules. No matter how much iodine is used, the ratio of the fi 
Ww . the f the final concentrations at equi 
constant, The constant is called distribution coefficient, K and ts given by a a aaa 
1,(cC 
K =the : Ch 
Tol 


At 25°C, the value of “K” for this equilibrium is 85. This means that the concentration of lodine in CCI, 1s 85 times more 


than in water 
Qs. A water insoluble organic compound aspirin is prepared by the reaction of salicylic acid with a mixture of 
acetic acid and acetic anhydride. How will you separate the product from the reaction mixture? 


The statement indicates that aspirin is insoluble in water so we can put the reaction mixture in ice chilled water 
while stirring. Aspirin separates in the form of white Precipitates which can be filtered by specitic filtration 
technique (particle size is very small). Aspirin comes out as residue on filter media while filterate contains the 


Ans. 


reaction mixture with water 


COOH 


| 


0 0 ¢ 


I I 
H,o—C—o—c—cH, 4 NE 
HC. Acetic Acid 
c c 
H 
Salicylic Acid Acetyl Salicylic Acid 


A solid organic compound is soluble in water as well as in chloroform. During its preparation, it remains in 


Qs. 
aqueous layer. Describe a method of separation? 


It is evident that organic compound 1s more soluble in chloroform than in water. So during the preparation of 
organic compound, if it remains in aqueous layer, then it can be separated by solvent extraction using 2 
separating funnel, Organic compound leaves the aqueous layer and comes .in.chloroform after shaking, leaving 
behind the impurities in water. {according to distribution law). Separate the organic layer and evaporate it, 


Ans. 


organic compound is obtained 
In solvent extraction technique, why repeated extraction using small portions of ‘solvent are more efficient 


than using a single extraction but larger volume of solvent. 


as. 


According to Distribution law 


Ans. 
“A solute distributes itself between two immiscible liquids in a constant ratio of concentrations irrespective of 


the amount of solute added,” ° 
In a single extraction using larger ampunt of solvent, a little amount of solute 1s extracted out, so shame 
less efficient. While in repeated extractions, solute is extracted out to a greater extent by using smaller a at 
of fresh solvent pe Rey mee 


i mil + ) Ae 
So repeated extractions are more efficient, as recovery of solute is greater. “Ab etesimsmw/ Stent) «selma ; 


CHROMATOGRAPH 


“It is a technique of separation in which components ofa mixture are separated on 
the basis of their relative affinities for stationary and mobile phases. 


Oo 


The word. chrev a 7 
jicdaiee es ord chr ography oriinates from the Greek word “Khromatos” 
amine “colour writin This is hee. , od: 
ch s c te earliest chromatographic m 
i i fj , atoura meth q 
confined to separation of coloured substances from their mixture " ee 


* The eluate is tl 
phase leaving the co}, 
* The eluent 4S the : 


sc 


Mobi, 


Mn, 


Phases in chromat: 
dNeconetac: dats that will carry the ancy My 
ematography involves the distribution of a solute between two phases * Elution: it thet 
E Its the 
(i) Stationary Phase of solutes to diag 
Homey be a solid or a liquid supporte, in fi ve ee 5 
0 , ' Hawid supported as a thin film on the surface of an ine . Manle Pha 
Examples 
Mamina, silica gel. silica, charcoal, Filter paper, acetone. water ethyl alcohol et 
ethyl a vie, 
{ii) Mobile Phase (Moving Phase) 
- Womay be a ligeid or a gu 
be i Wa gas. If flows over the surfac 
; r s i ace of the station 
While passing over the Stationary phase, it competes with it for th ae spite aes 
iiine Ne Components of the 
F ‘ 
Acetone. water, ethyl alcohol, benzene, H» #as, N2 gas etc. 
Distribution Coefficient (k) 


The distribution of the ¢ Pa mi: 
. is © components of a mixtu ases is 
by distribution coefficient (K) hich is a a soxnes 


k=- Concentration of a component in the moving phase 


yn of that component in the stationary phase 


ies for the value of *K’. 
) 7 ont with a gre; *K’ i 
( id Compimient with a greater value of *K* remains largely dissolved in the mobile 
se and passes over the stationary phase quickly. ‘ 
(i) The component with a small vs KO ; 
n a aluc of *K’ mostly remains in t iona sc 
the mobile phase follows over it: ? ‘ = saci ec 


Differences between Adsorption and Partition Chromatography 


Adsorption Chromatography Partition Chromatography 


The chromatography in which the stationary phase is a 


Sat The chromatography i the iona i 
solid is called adsorption chromatograph sr phy in which the stationary phase is a 


liquid is calle nv chromai 


hy 


3 
ve Wis oe . substance leaves the mobile phase to become | In this type. the substances being separated are distributed 
sorbed on the surface of solid Mationary phase. | throughout both the stationary and mobile phases, 


Exornples | Examples 

¢ Column chromatography le Paper chromatography * 

° Thin laver chromatography © Gas liquid chromatography 
¢ Gas solid chromatography : 


APER CHROMATOGRAPH 


© this a technique of partition chromatography 


© Here the stationary phase is a liquid (say HO) adsorbed d immisci 
Herc . y Hy on paper. The ads a be 
liquid towards the mobile phase, which passes = the paper. ae RPO OES eee 


¢ The mobile phase is usually an organic liquid 
© = There are three common ways of carrying out paper chromatography namely 
(i) Descending (ii) Ascending (iii) Radial /circular 
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Ascending Paper Chromatography 


Paper chromatography 
> In this technique. the solvent is in a pool at the bottom of a vessel in which the paper is supported and the solvent 
travels upwards by capillary action. 
< 


> A solvent mixture, specially composed in accordance with the sample to be separated, is poured into the 
chromatographic tank. Cover the tank to homogenise its inner atmosphere. 
> Take about 20 cm strip of Whatmann’s Chromatographic paper No. | and draw on it a thin pencil line about 2 


from one end. 

> Spot a point, on the pencil line, with the sample mixture solution. To facilitate identification of the components of she ' 
mixture, spots of the known compounds may also be placed alongside. 

> When the spots have dried, suspend the paper with clips so that the impregnated end dips inte the solvent mn’ \ 
depth of $-6 mm. , 

> Cover the tank. As the solvent front passes the spots, the solutes begin to move upward 

> The rate at which they move depends on their distribution coefficients. When the solvent front has risen to about : 


of the length of the paper, remove the strip, mark the solvent front with a pencil and allow the strip to dry 
Chromatogram 
“The finished dried product with the colour bands Of various components of a 
mixture obtained in chromatographic experiment is called chromatogram.” 
The different components of the mixture, if coloured, can visually be identified. 


° 
Development of chromatogram 

If the components of a mixture are colourless, then the chromatogram has to be developed by 
(i) Chemical Methods ne 


By using locating agents such as HS, ninhydrin and rubeanic acid etc. 


(i!) Physical Methods 7 
By heating or by throwing ultra violet radiations, we can identify the spots. 


Retardation Factors (R;) 
“It is the mathematical ratio which is obtained by dividing distance travelled bya | fe) 
component from original spot and the distance travelled by the solvent from |Y ° 
original spot.” 
Distance travelled by a component from the original spot 
Rye Distance travelled by solvent from the original spot 
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Raai=* — RyBy=4 
s y 


* Each component of a mixture has specific R, value 


© The R, value has no units 


¢ The R, value of a component is related to its distribution coefficient 


Uses of Chromatography 
(i) 


The techniques of chromatography are \ 
separation, isolation and purification of prod 
They are equally important in qualitative 
This techmique 1s used for the determinati 
(iv) It1s important for Forensic analysis 


ery useful in organic synthesis for 
Jucts 


(ii) 


and quantitative analysis. 
on of the purity of a substance 


Exercise Q7. The following figure shows a developed chromatogram on Paper with 
five spots 
UNKnown mixture X 
4 ) Sample 4 
{iii} Samole B 


(iv) Sample C 
iv) Sample 9 
Find out 


(i) Composition of x. 


(ii) Which Sample is impure with its composition? 
Ans. (i) Composition ofXx 


we will observe that sample B 
and C samples. 


(ii) Impure sample with its composition 
All the samples have dne spot 


except D. So it is concluded that D i 
distances covered, it is observed 


Is an impure substance, By comparing the 
that D contains A and.C samples. 


') Acomplete characterization of a com 
2) Acomplete quantitative analysis of a 


3) The process of filtration is used to 
types of filter media 


4) If the process of filtration with the filter paper is to run smoothly, 
full of liquid as long as there is liquid in the conical portion. 


5) The filtering operation with the filter paper could be very time Consuming if it were hét aided by-d gentleduction as 
liquid passes through the stem. This suction cannot develop unless the paper fits tightly all. around the upper 


pound must include both qualitative and quantitative analyses. 
compound generally involves four major steps. 


separate insoluble particles from liquids and, it can be performed with sever 


the stem of the funnel should remain continuously 


circumference of the funnel. 
The rate of filtration can be consid 
7) A crystalline solid compound is 


6) 


Scholar's CHEMISTRY - XI (Subjective) 


8) The process of sublimation involves converting a solid directly into vapours and these vapours are then condensed to 
form solid again. It is frequently used to purify a solid, ees i” 
i que inv i lution by shaking it with an immiscil 
vent extraction technique involves the separation of a solute from a so! 
» vi in which the solute is more soluble. The technique is mostly applied to separate organic compounds from 
water. 


10) Repeated extractions using small portions of solvent are more efficient than using a single extraction but large 
volume of solvent. 


11) Solvent extraction is an equilibrium process and it is controlled by distribution law. The technique is particularly 
J useful when the compound to be separated is volatile or thermally unstable ns eee 
i i i f a mixture. sé components 
hy is a technique used for separating the components of 
- Geneon a siaioaty and a mobile phase. The stationary phase may be a solid or a liquid er eh en petige 
adsorbs the mixture under separation. The mobile phase may be a liquid or a gas and while passi 
i ith ii ituents of the mixture. 
stationary phase, competes with it for the constituent 
13) In paper chromatography, the stationary phase is water adsorbed on paper. The mobile phase is usually an organic 
liquid ; ; , ' 
14) the techniques of chromatography are very-useful in organic synthesis for separation, isolation and purification o| 


the products. . 
SOLVED OBJECTIVE EXERCISE) 


@ Multiple choice questions 


Ps 
) A filtration process could be very time consuming if it were not aided by a gentle suction which is developed 
a 


(a) ifthe paper covers the funnel upto its circumference. 
(b) if the paper Has got small sized pores in it. 


(c) ifthe st el is large so that it dips into the filtrate. 
ep ce 


(ii) During the process of crystallization, the hot saturated solution 
(a) is cool slowly to get large sized crystals. 
ea perl to get medium sized crystals 
(c) evaporated to get the crystals of product. 
(4) is mixed with an immiscible liquid to get the pure crystals of product 


(iii) Solvent. extraction is.a technique which is controlled by 
) ts ass action (b) amount of solvent 
aie: (d) the amount of solute 
i i the juct to be separated is 
(iv) Solvent extraction technique is particularly useful technique a the pac nit prod: 
(a) non volatile or thermally unstable. ede or pa : ran 
latile or thermal! u 
i lly stable. vol 
(c) non volatile or thermal a 
‘v) The comparative rates.at which the solute moves in paper chromatography depend 
(a) the size of paper by” Ry value of solute ee 
C) : ; 
i of chromatographic 
(c) temperature of experiment (d)_ size 


solved Exercise MCQ's 


Ne 


Anewer + 
jo | (4) if the paper fits tightly. 


For smooth and fast filtration process a gentle suction is dev 


by tight fitting of the filter paper in the glass funnel Sloped. iy san 
(b) is cooked at moderate rate | ¢ The hot filtered solution is then cooled at 
ere yoled at a mode: 
to get medium sized crystals | sized crystals are formed @ moderate rate so thay eq 
Ne 


* Slow cooling yields bigger crystals which are lik 
amount of solvent carrying imp 
Process 


ly to include 
urities with it and complicating oe 
4 
my 


According to distribution law 


“A solute distributes itself between two immiscible liquids in a con, 
of concentrations irrespective of the amount of solute added “AMC, 


(c) distribution law 
This law is applicable in solvent extraction as well as in chromatograph 
y 


(tv) | (4) volatile or thermally Since no heat is required during solvent extraction so no chances for 
unstable. decomposition of a sensitive compound. 


(b) R, value of solute “It is the mathematical ratio which is obtained by divi 
by a component from of 
from original spot.” 


ding distance wa 
nal spot and the distance travelled by the sok! 


R= Distance travelled by a component from the original spot 
Distance travelled by solvent from the original spot 


@) Fitlin the blanks 
(i) A complete chemical characterization of a compound must include < 

(ii) During filtration the tip of stem of funnel should touch the side of beaker to avoid 

(iti) _ A fluted filter paper is used to the process of filtration. 


(iv) A solvent used for crystallization is required to dissolve = of the substance at its boiling point ang 
at room temperature. 
(v) Repeated solvent extractions using small portions of solvent are 
volume of solvent. 


ANSWERS 


than using single extraction with larger 


(i) both qualitative and quantitative analyses | (iv) large amount, small amount 


(ii) splashing (v) more efficient 


(iil) increase / speed up 


Cg) Tick the correct sentences. If the sentence is incorrect, write the correct statements. 


(i) A qualitative analysis involves the identification of elements present in a compound. 
Gi) If the process of filtration is to run smoothly, the stem of the funnel should remain empty. 


(iii) If none of the solvents is found suitable for crystallization, a combination of two or ‘more immiscible 
solvents may be used. 


(iv) _ A solute distributes itself between two immiscible liquids in a constant ratio of concentrations depending 
upon the amount of solvent added. 


(v) Paper chromatography is a technique of partition chromatography 
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ANSWERS 


—— SEE 
G10. You have been provided with a mixture of three inks with different colours. Write down a procedure to 


Ans. Apparatus and Chemicals 


(i) True (ii) False (iii) False | (iv) False (v) Truc 


ISHORT ANSWERS TO EXERCIS! 


Separate the mixture by paper chromatography. 


~ Strip of Whatmann’s chromatographic paper No.1, capillary tubes, mixture of inks, moxture of suitable solvents, 
chromatographic tank. Sampie of inks for references. 
Procedure 
(i) Draw a tine on strip close to its one end by a lead pencil 
Ww Now spot the line with mixture of inks and separate samples A, B, C inks with capillary ‘Lubes. 
(wi) After drying, put it in chromatographic tank having solvent. ae 
iv] When solvent (along with spots) covers %th of strip, put it out and dry 
ey Calculate the R, hs of each ink by noting distances covered by inks and solvent from. 


(vi) Compare the R, of spots in mixture with samples to evaluate the conclusion. 
Distance covered by ink from original spot 
R = Discover covered by solvent from original spot (Y) 
A 
R, of ink A 23 
8 
R, of ink B zy 
¢c 
R, of ink C =y 
Conclusion 


Mixture contains three inks which are separated on the basis of their R, values. 


Additional Questions 


i ment. 
Is partition chromatography 2 modified form of solvent extraction? Mf yes, justify the state 


ia] 
ified form of solvent extraction. In solvent extraction, extraction is ar or 
e with the two immiscible solvents. This 1s explai by 


a. 
‘Ans. Partition chromatography is 2 modi 
the basis of relative affinity (distribution) of solut 
istribution co-efficient (K). 
re Concentration of solute in organic 
K= Concentration of solute in aqueous phase 
h the two phases 
tition chromatography, the process is done on the basis of relative affinity . solute with tI 
iti 5 
: pri and mobile phase. This is also explained dy distribution co-efficient (K) 
he. Concentration of acomponent in the moving phase 
. ry phase 


“i Concentration of that component in the stationa 
i 2 
te during crystallization. Why’ 
ed solution is cooled at moderate ra 
2 — rate rate, medium sized crystals are obtained. Due to 


‘Ans. When hot saturated solution is cooled at mode 
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which these crystals have following advantages 
[0] Crystals are less likely to include impurities, hence, are pure 
(ii) Crystals are less likely to include solvent, hence are easy to dry. 
Whereas slow cooling produces bigger sized crystals which represents Opposite to above advanta; 
BES ANd rapa 


cooling leads to improper crystallization. 
a What are factors that decide solvent extraction or crystallization, a technique selected for purificatio == 


compound? ication of a 


Ans. When crude product to be purified is volatile or thermaily unstable, then solvent extraction is used. —= 
ed as 


purification technique because no heating is required in this technique. Crystallization cannot be dor 
ne 


heating is required to form saturated solution. Heat can evaporate the volatile compound or can di because 
eco! 


Impose 


thermally unstable compound. Whereas in case of non-vol: ly 
-volatile or therm: 
ally stable compound, crystallization is 


a. Differentiate between residue and filtrate. =—= 


The insoluble particles which are left behind on the 


The clear liquid which is obtained in beaker aft 
filter paper after the filtration is called as residue. filtration is called as filtrate. eis 
Residue is either consists of insoluble impurities, Filtrate is either a pure solvent or a solution separated 
precipitates or crystals. from impurities. 


7 
a What are the requirements for a smooth filtering process? 7 
Ans. if the process of filtration is to run smoothly, we should observe following points. 

(i) The filter paper should be large enough so that it is % to % full of precipitates at the end of filtration 

(ii) The funnel should, in turn be large enough from its rim to extend 1-2 cm above the top circumference of 

the paper. 
(iii) The stem of the funnel should remain continuously full of liquid. 
(iv) The stem of the funnel should be several inches long so that it can extend a few cm into the beaker. 


(v) It should touch the side of the beaker to avoid splashing. 
Previous Board Questions 


How desiccator is used for drying the crystal? S 

What is distribution coefficient?. To which technique it is applicable? 

Define distribution law and how itis hetpfatin solvent ‘extraction. 

Why should tip of funnel be touched with'the wall of beaker during filtration? 
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Chapter 3 


Matter exists in the following four states. 
(i) Gas (ii) Liquid (iii) Solid (iv) Plasma 


STATES OF MATTER 


e@ = The simplest form of matter is the gaseous state 
e The most of matter around us (on earth) is in the solid state 


© Liquids are less coi : 
Tt s common than solids, gases and plasmas because they can exist only within a relatively narrow range 
of temperature and pressure ‘ : : 


ef O Coot or 
compress Coot 

92 Qe Heat or Heat 

Q@ reduce 

e°é90 pressure 

Gas. Liquid Crystalline solid 
Total disorder; much Disorder, particles Ordered arrangement 
empty space; particles or clusters of particles are essentially 


1m fixed positions 


particles are free 
particles close together 


to move relative to 
each other: particles 
close together 


have complete 
freedom of mot. on: 
particles far apart 


{i) Shape 
Gases do not have a definite shape. They take the shape of the container in which they are placed 
(ii) Volume 
¢ gases fill the whole space avanlable 


There is no significant attractive force in the gas molecules and therefore th 
to them. Hence, their volume becomes equal to the volume of the container in which 
(iii) Low Density 

Due to large empty spaces in between the gas molecules, the 
have a low density (d = m/v). Due to this reason, the gases bubble up. 
(iv) Diffusion 

Two or more gas 
is due.to collision of gas molecules. 

(v) Effusion 

Gas molecules can pass through an extremel 
pressure. This is known as effusion of gases. 
(vi) Compressibllity 

Due to large empty 


pressure 


they are placed 


gases occupy a higher voluine. Hence, the ases wall 
through the liquids and tend to rise 


5 intermix readily to form a homogeneous mixture This is called diffusion of cases. Ditfuston 


region of Lower 
4 small hole from a frequen of hugher pressure toa region of Lower 


yey oye apple cian ot 


spaces in between the gay molecules the gases at ¢ 


i 74 
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ce, the volume of: 
ps te PRESSURE 
“Force per unit area is called pressure.” 


{ 
! When the pressure on a gas is reduced, the gas molecules move away fi 
{ gas is increased or in other words the gas expands. The gas also expands on heating comer Hien 
it produces cooling. This phenomenon is Calley peF 
A 


(viii) Cooling by Expansion 
When a highly compressed gas is allowed to expand suddenly, 
Joule-Thomson effect. 
BAS Molecules (i) Atmosphere 
“The pressure of air that can support 760 mm or 76 cm Hg column at sea level at * 4 Penny sitting on the tp of 
your finger exerts a 
pressure of about 250 Pa 


(ix) Gases Exert Pressure 
The gas molecules are in the state of constant rapid and random motion. Due to this motion, the 


collide with the walls of the co.tainer. These collisions on the walls of the container cause pressure. 
orc 


is called one atmosphere.” 
F or 


(x) intermolecular Forces 
The intermolecular forces in gases are very weak. 
(a — ee Pa - . (“tre force exerted by 760 mm or 76 cm Hy column on an area of | cm? at 
a iqu ve a fixed volume. intermolecular forces in liquids are strong enough to maintain a fixed volume level at 0°C ts called one atmosphere.” 7 
ve - 1 atm = 760 mm Hg = 76 cm H; 
Liquids do not have a fixed shape. They always take the shape of the container in which the; rf a : . p. 
" intermolecular forces are present in liquids but they are not so strong that a liquid can have a fixed atiape, or Bispe The oe Aust be viet . 
(ui) € i In SI system of units 
Due to constant movement and collisions between the liquid molecules, the high energy molecules lea Ps x : N . 
ba cob and the liquid is changed into its vapours. This process is called evaporation. Liquids evap ta m: 
i = =Nm? a 
(iv) Diffusion 5 The first scientist to study pressure was “Blaise Pascal” so the unit of pressure is also 
A liquid can diffuse into another liquid with which it is miscible. However, the rate of diffusion in liquids is named after him. = : ones 
slower than in gases. This is due to less empty spaces between the liquid molecules. 1 Pascal = 1 Nm* 
(v) High Density Z : . 1 Pa = 1 Nm* Sawer after an 
j eo ~~ bark sul intermolecular distances, the liquids occupy less volume. Hence, the liquids will have a higher Also tatm = 101325 Nm? Iatian scientist Evangelista 
ity (d = m/v) than gases. . : : As INm? =1Pa Torricelli 15 based on 
(vi) intermolecular Distance _ So atm = 101325 Pa = 101.325 kilopascals atmosphereic pressure 
The intermolecular distance in liquids is negligible just like solids. (i) torr (used in scientific work) measurements using 
(vil) intermolecular Forces or ltorr = 1 mmHg. barometer. 
‘The intermolecular attractive forces in liquids are intermediate between gases and solids. The melting and boiling 760 torr = 760 mm He 
points of gases, liquids and solids depend upon the strength of such forces. 1 amt = 760 torr =101325 Nm* 
(vili) Solidification (Iv) Pound Per Square Inch (psi) (used in engineering work) 
Molecules of liquids possess kinetic energy due to their motion. Liquids can be converted into solids on cooling \aum = 14.7 psi «Boyle's Law (V bat 
i.e., by decreasing their kinetic energy. Molecules of liquids collide among themselves and exchange energy but those of (v) Mullibar (used by meteorologist): ‘ engaiinie’) 
solids cannot do so. Lau = 1013.25 millibar © Charies's Law (VT 
Properties of Solids J atm = 1.01325 bar at constant pressure.) ¥ 
between its: Dalton's Law of 
(i) Shape and Volume Relationship pressure uni ; A 
‘ = 14.7 psi =7 = 101325 Nm = 101.325 kPa = 1.01325 bur tial pressure 
Solids have u definite shape and volume due to strong intermolecular forces. 1 atm= 14.7 psi = 700 “a a 7 a Bye Pye Py + Pad 
(il) Non-Compressibility -_ ving @ Graham's Law of 
ationships between volume of # given amount of gas and the prevailing 
The particles present in a solid are already very close to one another. These particles are very tightly packed and — srt oohara Spun "ited ihe ges ai ditto _ - 
the empty spaces in between them are extremely small, Hence, solids cannot be further compressed. . 1, _(M, | 
(2m 
Statement ; 
“The volume of u given mass of a gus ul constant temperature ts inversely 
proportional to the pressure upplied to the gas 


(ill) OFffusion 
Due to cluse packing und fixed position of the particles, one solid cannot diffuse intu the other. 


{iv) Movement of particles 
There is only vibratory motion in the solid particles. 


Mathematically 


1 
Va p (at constant temperature and number of moles) 


v= é Here *k’ is proportionality constant 
PV =k (when ‘T’ and ‘n’ are constant) 
; The value of k is different for the different amounts of the same gas, 
i, Another Statement 

“The product of pressure and volume of a fixed amount of a gas at constant 

temperature is a constant quantity.” 
' So, P,V,=k and P,V; =k 
Zz Hence, P\V, = P;V) 

PV, ave the initial values of pressure and volume while P,V, 
y Experimental Verification 


The following diagram indicates that at constant temperature (25° 
reduced in proportion to the increase in Pressure. Pere Eee): 


are the final values‘of Pressure and volume 


the volume of the given MASS of a gas 
is 


6 atm pressure 


Verification of Boyle's Law 


Let us take a gas cylinder having a moveable piston. The cylinder is also attached with a manometer to read the pressure 
of the gas directly Let the initial volume of gas is 1dm’ and its pressure is 2 atmospheres when the-piston has.one weight 
on it, When the piston is pressed twice with the help of two equal weights, the pressure becomes four atmospheres. 
Similarly, when the piston is loaded with a mass three times greater, then the pressure becomes six atmospheres. The 


1 | nis . 
inuial volume of the gas at two atmospheres is Idm’, it is reduced to yam’ and then 3am with increase of weights, 
respectively 

P,V, = 2 atm | dm‘ 2 dm’ atm =k 


ics i 
P)V; = 4 atm » 5 dm‘ = 2 dm’atm =k 


1 
P/V) = 6 atm « > dm’ = 2 dm’atm =k 


Hence, Boyle's law is verified. 
The value of k will remain the same for the same quantity of a gas at the 


ne temperature 


“ee 


Graphical Explanation of Boyle’s Law 
G LAI 


Qab.-’ What are isotherms? What ha; 


=~ _ fora particular gas? 


x 


Isothen at OC 


volume (dm') 


Pressure (aun) 


Isotherm of gas at 0°C. 


Now increase the temperature of the gas to 25°C. Keep this temperature constant and again vary the Pressure and volume, 
and plot the isotherm. It goes away from both the axes. 


& Te25C | 
j ’ 
’ 
Teo 
t) oo % 7 
Prewaure (atin) 
\sotherme of s ges at differem 
temperatures. 


Reason ; ; : 
The reason is that at high temperature, the volume of the gas has increased, Similarly, if we increase the 
témperature further, make it constant and plot another isotherm, it further goes away from the axes. 


Why do we get a straight line when pressurcs exerted on a gas are plotted against Inverse of volume? This 
straight line changes Its position In graph by varying the temperature? Justity It. 


1. , i 
Ifa graph is plotted between sy linverseof volume)on X - axis and the pressure 


F volume ure directly proportional to each other This 


Pon the Y-axis then a straight | 
ro, then the volume ts 90 


line is obtained, This shows that the pressure and inverse of essa ating Age 
straight line will’ meet at the origin which means that when the pressu ) 


constant. one can vary pressure and volume. The graph of this data between P and -- will give an0the * 
v . 
line. This straight line at T, will be closer to the pressure-axis, “Rey 
v 
r 
: 
Hy 
s her 
° ——— x 
; 
‘ 


A plot between pand 2 
Graph # 3 


If we plot a graph between pressure on X-axis and the product PV 
Pressure axis is obtained. This straight line indicates that ‘k’ is 
temperature, the volume increases and value of product PV should increase due to increase of volu 
Pressure, but PV remains constant at this new temperature and a i 
obtained. This type of straight line will help us to understand the non-ideal behavi gases. y 
applicable only to ideal gases. “a habe: Boate's law i 
Y 


i x 
a * P (ato) 


¢ 
A plot between pressure and product of PV. 


How will you explain that value of constant k in the equation PV.=k depends upon 
Temperature of the gas 


(W} _ Quantityof the gas many Mens oni 
Ars According to Boyle's law: ‘ c. 
cs j= —— 


Wet or re) a9 pitt eaptacn gee 
P 


t 
Wry OW 


“Wk if quantity of gas ‘v” and temperature "Wis kepkconstant) “== = a 
if we: plot a graph between P and PV for a fixed quantity of a’ gas at constant 
temperature we obtain a Straight line parallel to x-axis, indicating that 

PV=k 
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By chan the ‘ny’ or T’ of a gas, volume of gas 1s changed so a change occurs 
n grapt 


rf) At higher Constant temperature, volume increase and the product ‘PV’ iy 
increases. Another line parallel to X-axis is obtained which is higher than initial 
line and vice versa 
(ii) With the greater value of ‘n’ volume will be increased, which results in an 


increase of ‘PV’ value. So a new horizontal line 1s obtained, higher than the 
original line 


15, Explain the following facts: 


TU) The plot of PV versus P is a straight line at constant temperature and with a fixed number of moles of an ideal 
gas: 


Ans. According to Boyle's law 


1 
Va : (when the temperature and number of moles are constant) 
or PV =k a * 
. 
if a graph is plotted between product/Pv on Y-axis and pressure on X- 
axis for a fixed quantity of a gas at constant temperaturepathien @ 7 
straight line parallel to X-axis is obtained. This, straight line indicates 


that ‘k’ is a constant quantity under all conditions of temperature and = 
pressure for an ideal gas. 


A pIOt between pressure und progues of PY 


(ii) The straight line obtained when product PV's ptotted against P is parallel to the pressure axis and goes away 
from the pressure axis at high pressures for many gases. 


Ans. When PV 1s plotted against P for a fixed quantity of an 
ideal gas at a constant temperature, a straight line 
Parallel to x-axis is obtained 
For many real gases the straight line goes away from 
pressure axis at higher pressures. 

The reason is that when pressure increases, molecules 
come close to each other and intermolecular forces 
increase In this way real gases do not remain ideal 


Non - ideal behaviour of gases at 100 ‘C 


HARLES’S LAW} 


Absolute Temperature: 

Its a quantitative relationship between temperature and volume of a was and was big eotivece tt ‘eahe 
given by French scientist J. Charles in 1787 > ae 
saa volume of the given mass of a gas is directly proportional to the absolute DS erach ot he sigue 

temperature at constant pressure cli tanaretiee? 
bei bie! xT (at constant pressure and number of moles) be Ft \ 

or Vek lah, 

Y id) a’ of these 
or k 
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here V1 = Volume of gas at temperature T. 
V.. = Volume of gas at 0°C. 


t= Temperature on centigrade or Celsius scale 
Another Statement 


“The ratio of volume to temperature remains constant for same amount 
of gas at same pressure.” 


Experimental Verification 


Let us consider a certain amount of a gas enclosed in a cylinder fitted with a moveable piston. 


The volume of the gas is V, and its temperature is T). When the gas in the cylinder is heated, both volu 
temperature of the gas increase. The new values of volume and temperature arc V2 and T; respectively. 


Explanation 
Ifa gas is warmed by1°C, it expands by 1/273 of its original volume at 0°C . Since, original volume is $46 cm’, 
so far 1°C rise in temperature, 2 cm’ increase in volume will take place 
2.cm’ is the 1/273 of 546 cm’. Similarly for 100°C rise in temperature, a change of 290 cm’ will take place 
Volume-Temperature data for a given amount of a gas at constant pressure 
Celsius 
Temperature 


Temperature 


K) 
Me ang (K) 


546 
423 
373 
323 
283 
274 
273 


263 


‘ 
Result . ; 
ste aac inl (i) The above table shows that at O°C, the volume of the gas taken is $46 em’. Its twice 273 em’. and 1s heme supposed 
Mee k and Me =k for the sake of convenience of understanding. At 273°C, the volume of the gas has doubled (1092 cm ) and it should 
Tt T, . > become practically zero at -273°C. 
: ¥ : : (li) The volume does not increase corresponding to increase in temperature on Celsius scale, ¢.g. the increase in . 
+ = ‘temperature from 10°C to 100°C increases the volume from 566cm’ to746cm’. 
a, ‘ Applications of Charles's Law 
. 
Hence, Charles's law is verified. wy Calshis Scale £ 
Derivation of Absolute Zero Applying Charles's law: . 
Absolute Zero Ye 
~ ~The hypothetical temperature at which the volume of a gas is supposed to 7, 7 
become zero if the gas remains in gaseous state.” . : $66, 146 
OK =-273.16°C = -459°F . 10 100 : ; ‘ee 
Quantitative Definition of Charies’s Law : The two sides of equation are nat equal. So, Charles's law is ot being obeyed when temperature 's menred om 4 
i i Celsius scale. 
“At constant pressure, the volume of the given mass of a gas increases or i 
A Kelvin Scale : : 283 K (10°C ), the 
decreases by 1/273 of its original volume at 0°C for every 1°C rise or fall iter Jes's law is obeyed when the temperature is taken on the Kelvin scale. For example. at 283 K ( 
in temperature respectively.” ! ig 566 cm’, while at 373 K (100°C ), the volume is 746 cm . 
General equation for volume of gas : Ascending 10 Ceris's tw 
The general equation to know the volumes of the gas at various temperatures is: MoMek 


TT 


566 _ 746 
= =2=k 
283-373 
So Kelvin scale was developed to verify Charles's law 
Graphical Explanation of Charles's Lav 
temperature on x-axis and the volume of one mole of an ideal gas on y 


If we plot a graph between 
273.16°C 


straight line which cuts the temperature axis at ~ 


Lowest possible temperature 


This can by possible only i 
temperature. which would have bee 
converted ito liquids above this temperature 


“ANI, We pet 
a 


if we extrapolate the graph upto -273.16°C. This tem 
ak - perature ts the lowe: 

n achieved if the substance remains inthe gaseous. state. Actually “all the eb 

> Bi. ASES are 


846} 
+ 546 
s -| “4 
£E} 36 
= 7! 246 
146 
46 
oO #100 . #200 
Temperature(’C) 
The graph between volume and 
temperature for a'gas. 
Effect of mass on slope —_ — 
The reason is that greater te *ndmbet of 


Greater the mass of gas taken, greater will be the slope of straight line. 
moles, greater the volume occupied, All these straight lines when extrapolated m 
Behaviour of a real gas . 

It is apparent that this temperature of -273.16°C will be attained when the volu 
gas. the zero volume is impossible which shows that this temperature cannot be attaine 
recognize that ~273.16°C must represent the coldest temperature. vos 
volume of any quantity of a gas become zero at -273.,46°C? Is 


eet at a single point of +273.16°C (0K). 


me becomes zero. ‘But for a real 
4-for a ret! gas! This is how'we 


ISP ERE tarot 


Q5c. Do you think that the 
conservation 2 Deduce idea of Absolute zero from this discussion. ales? eviais> palin ¥ 
Ans. _ Law of conservation of mass Is stated as 
0 another.” 


“Mass ca neither be created nor be destroyed although it can change from one form t 


~273.16°C, then its mass will also become.equal to ero which is against the 


If a gas could have a zero volume at 

law of conservation of mass. 

So the volume of any quantity of gas is ni 

this temperature 

Absolute Zero: 

“n hypothetical temperature (-273.1 
~ _ iscalled absolute zero.” 

It is unattainable. Absolute zero (-273.16°C) is a theoretical value. 


ever equal to zero at -273.16°C. All, real gases liquefy before reaching 


6°C) where volume of a given mass of 2s practically becomes equal to 2¢f0 


Q6b. Throw some light on the factor 1/273 in Charles’ 


Ans. The factor 1/273 is introduced in mathematical form of quantitative definition of Charles's law. 
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The equation is 


where V, = volume of gas at any temperature 
V. = volume of gas at o°C 
t= temperature of gas 
the’ 
he ‘equation shows that if V, 1s known for a gas then an increase or decrease in temperature by 1°C results in an 
increase or decrease of its volume by a factor! /273. According to the factor 1/273, the V, of a gas should 


become 2V, at 273°C (doubles) and zero at -273°C 


importance: 
So factor | / 273 1s very important to explain Charles's law and helpful in evaluation of absolute 


HERMOMETRY| 


~The art of measuring temperature of substances is called thermometry.” 


scale. 


The following three scales are used for temperature measurements 


(i) Centigrade Scale or Celsius Scale 


It has a zero mark (0°C) for the temperature © 
temperature of boiling water at one atmospheric pressure. The space 


equal parts and each part is °C 
qi Fahrenheit Scale 

The melting point of ice at 
between these temperature marks is 
(ill) Kelvin Scale or Absolute Scale 

The melting point of ice at | atmospheric pressure i! 


Interconversion of Temperature Scales 
lowing relationships help us to understand the interconversion 


f ice at one atmospheric pressure. The mark 100°C indicates the 
between these temperature marks is divided into 100 


1 atmospheric pressure has @ mark 32°F and that of boiling water {s2\2°F . The space 


divided into 180 equal parts and each part is !°F . 


s 273 K. The water boils at 373 K or more precisely at 373.16 K 


of various scales of temperature. 


The fo! 
*ctok: K =°C + 273.16 se Ca aaeuion 
o °c. as 0 -4g0°C is the tes wut 
Bie’ *Gag/erss?) which is common in Celsius 
°C to °F: oF OPS(CC) +132 and Fahrenheit scales. 
Q7a. Whatisthe general gas e uation? Derive It in various forms? if the pressure is written as 
== force per unit area and 
© 'Accofding to'Bayle’s law: volume as aren tires 
1 ” y - 5 " 4 
; Se ve P (when nand T ue constant) ‘2 ier gth ye Bene. ~ 
According to Charles's law: | ee ie) 
VecT (when nand P are constant) a eT ® 
© According to Avogadro's law: . . vay aon 4 
Von (when P and T are constant) _ sreatee exoreniet: 
Af we think fora moment that none of the Variables are to be kept constant, then all the eee sr wor orenerEy 
above three relationships can be joined together as follows: per degree per calles 
Va at i 
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Its value depends upon the units chosen for Pressure, volume and temperature. 
« General gas equation is used to calculate the value of R 


To evaluate ‘R’, the general gas equation can be written as 


General gas constant 
. PV =nRT 


The constant suggested is R which is called general gas constant. 
Rr = 
This is called an idea! gas equation or general i i i , ‘ mt {e).pcessure of wes 
7 gas then the product of its pressure phar volume ie que codex, oe that if we have any Quantity of an ; (a) When P in atm and V in dm* (b) temperature of gas 
absolute temperature. of number of moles, general gas Constant P=1atm n=! mole \ohontsmeate pressur 
os units jor 
Oerivation of Gas Laws from General Gas Equation ~ V=22.414 dm? T= 273.16 K and volume . 
PV _ latmx22.414dm? 
R=—= 
nT Imolx273.16K 
R = 0.0821 atmdm’mol'K" 


The following gas laws can be derived from general gas equation: 
Physical meanings of value of R 
The physical meanings of this value is that, if we have one mole of an ideal Ras at 273.16 K and one atmospheric 


Boyie’s law 
PV =nRT (when T and n are constant) 
| PV=k 
Charies’s law 
vert eter . pressure and its temperature is increased by I’ K, then it will absorb 0.0821 dm’ atm of energy. dm’ atm is the unit of 
P nF and n are constant) energy in this situation. Hence, the value of R is a universal parameter for all the gases. It tells us that the Avogadro's 
Veur. ‘ . number of molecules of all the ideal gases have the same demand of energy. 
Avogadro's law (b) When P in torr or mmHg and V in dm* aN 
, P=760tor n=! mole e : 
nT 
V=RE (when P and T are constant) V = 22.414 dm’ T=273.16K . ¥. 
V=kn y peu PY. _ 260torrx22.414dm’ \) . 
For one mole of a gas nT Lmol273.16K . - IS 
For one mole of a gas, the general gas equation is: R= 62.4dm’ torr or mmHg mol'K* 
ard pv aA (c) When Pin torr or mmHg and V in cm* 
PV=RT or TT" P=760tor n=1mole 
= ‘g = 
It means that ratio of PV to T is a constant quantity (molar gas constant), Ve2al4em T=273.16K 
Hence, _ PV _ 760torrx22414cm? 
FM, PV; “RT Imolx273.16K 
LER “LR : nr mo! i ¥ 
T, T, Som bs 3 R=62400cm’ torr or mmHg mol" K* 
bs Jatm, = 760 torr =101325Nm* 
peretars, Standard temperature: (4) Value and Units of R in SI 
: 273.16K The SI units of pressure are Nm and of volume are m?. By using Avogadro's principle. r 
» Molar volume: n=Imol T=273.16K 
V = 22.414 dm’ = 0.022414 m’ ’ 


ia] 

a iE 
" 

so 

a [E 


22.414dm’ = 22414em’ = 0.022414’ 
P= 1 atm= 101325 Nm 


PV 101325Nm7x0.022414m? 
“aT Imolx273.16K 


R=83143Nm K" mol! =8.31435K" mot" (INm=13) 
ssure is given in Nm” and the volume in m’, then the value of R used must 


This is another form of general gas equation. 
= * units for gas constant ‘R’ in general gas equation 
Keep in mind that, wherever the pre: 


Sanne ee 
(2) When Pressure is in atm and Volume in dm? . 
(b) When Pressure Is in Nm“? Volume in m? 
a P , hen energy Is expressed In ergs in in 
Values arid Units of R be 8.3143JK" mot”. 
(0) Since I1cal.=4.18J 
83143 oa 
So, Re,“ eialkK mol 


: Angin Principle is used to calculate values and units of R. According to this principle 
Volume of one nfole of an ideal gas at STP (one atmospheric pressure 


and 273.16 K) is 22.414 dm?” 


4 


Since 1) = 10’ erg 
So, = R= 8.3143 Jmol" K 
R=83143 « 10’ergsmol'K" 
Applications of the General Gas Equation 


The general gas equation can be used to calculate the molecular mass, 
(i) Calculation of the Density of a Gas 


Y it) When energy is expressed in ergs 
i 


density and mass of the gas. 


The genera! gas equation is 
; PV =nRT 
t n= Number of moles of the gas 
__ _mass of the gas ing _ m 


molar mass of the gas M 
Hence, PV = “RT 
M 


’ PM = RT 
v 
PM =dRT [a= mes] 
t Volume ! 
PM 
4 -RT 


Hence, the density of the gas can be calculated with the help of this equation. 
(ii) Caiculation of the Molecular Mass of a Gas 
The genera! gas equation is 
PV =nRT 
Where n is equal to number of moles of the gas 
- _mass of the gas in g -m 
molar mass of the gas M 
Now put the value of n in the gas equation 


pa 
PV MRT 
m, 
. PM = (RT 
r 7 
PM =dRT [d= = 
Volume } 
wm = aT 
P 


Hence, the molecular mass of a gas can be calculated with the help of this equation. 
(Ill) Calculation of the Mass of a Gas 


We know that the density of the gas can be calculated with the help of following formula: 


ga </5 
z 
5 
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7b. Can we determine the molecular mass of an unknown gas if we know the pressure, temperature and volume 


along with the mass of that gas? 
Ans, We can determine the molecular mass as follows: 
Derivation: 
PV =nRT (general gas equation) 

where on = —massofgas _m 

molecular mass M 
So pv = “ret 

M 

m 
Ms 
VxP a 


So by knowing m, V, P, T for a gas, one can determine its molecular mass 


eS SSS 
‘a7c. “How do you justify from general gas equation that Increase In temperature or decrease dn pressure decreases 
the density of a gas? 


increase in temp’ Fature. _ 
* rather than g cm, a unit 


i d liquids. So appreciable mass of @ 
‘Ans. in gases, particles are very far away from each other as compared to solids an 1 
== ~gas'is HOt presentin @ smatier volume ie, 1 em. Therefore, density of gases |s expressed in a bigger unit of 
7 * volume fe. gdm” instebd of gcm”*. aa é 
Example..CH, gas has a density.0.7138 6. dim”? at.o°C. If we express it-in.g crm”? it would be: 9.0007138-¢ cm 
which is avery small value. 


Thus units of density of gases are: 
gdm” (commonly used) 
kg mm? (St unit) 
i ecules.” 
ae volumes of all the ideal gases at the same temperature and pressure contain equal number of molecul 
Explanation eof 22.414 dm’ and 


one mole of an ideal gas at 273.16 K and one atmospheric pressure (STP) has a volumt 


iy ndro's number of molecules. So, 2.414 dm of ideal gas at STP will have 


one mole of a gas has Avo 


Avogadro's number 


of molecules i.e., 6.02 10” molecules. 


Chapter 3 i 
Examples Se 
i H, = 2 g = | mole = 22.414 dm’ at STP = 6.02 x 10 molecules 


O; = 32 g = | mole = 22.414 dm’ at STP = 6.02 « 10” molecules 


ii) 
iti) _N; = 28g = | mole = 22.414 dm’ at STP = 6.02 « 10” molecules 
iv) CH, = 16 g = I mole = 22.414 dm’ at STP = 6.02 « 10” molecules 


So, one mole of all gases at STP will have same volume of 22.414 dm’ and same number of molecules j 
5 a * .¢., . 
their masses are not equal. Similarly if we have one dm} of H,,02,Nz andCH, in separate vessels at STP. ae 
+ then they ne 


same number of molecules i.¢., 2.68 x 107? molecules. 
of Ozat STP weighs 1.4354 
disturb the volume occupied, because molecules of the gases are widel, hydrogen, but this 
‘ . ‘ moles ly separated fr oes 
is approximately at a distance of 300 times its own diameter from its neighbor at rnin Nana STP. One Molecuy 
Applications of Avogadro's Law: 
* Determination of atomicity of elementary Gases.Atomicity is the number of atom: i 
© To show that, 2 x Vapour density = Molecular mass. peerem neeroolecule 
* Vapour density of a gas is the ratio of the mass of certain’ 
at the same temperature and pressure. 
To show that Molar volume (Gram molecular volume 
The Molar volume (gram molecular volume) of a gas is the volume occupied by 
one mole of ga: 
temperature and pressure and is 22.4 litres or 22,400 cm?. os Saedard 


. 
° 
© _One mole of all gases at STP will occupy 22.4 litres. 
Q9b. Do you think that 1 mole of H, and 1 mole of NH, at 0°C and 1 atm pressure will have Avogadro's number of 
Ans. According to Avogadro's law . 


volume of gas to the mass of the same volume of hydrogen 


) of all gases is the same at STP. 


particles? 
“Equal volumes of all the ideal gases at the same temperature and pressure contain equal number of 


molecules.” 
1 mole of H, and'1 mole of NH, occupy 22.414 dm? at 0°C and 1 atm pressure separately. 


Since both gases occupy same volume. So according to Avogadro's.jaw they will. have same number of particles 
ie., 6.02x10” molecules 
1 mole of H, = 22.414 dm’ of H, = 6.02 x 10” molecules of H, 
1 mole of NH, = 22.414 dm? of NH, = 6.02 x 10? molecules of NH, 7 
at STP will have same number of molecules when one molecule of CH, 


ge. Justify that 1 cm’ of H, and 1 cm! of CH, 

Is 8 times heavier than that of H,? : 
o> ann URErTmrpareermmnaersersennenmn ee 
Ans. According to Avogadro's |aw n ; 


“Equal volumes of all the ideal gases at the same temperature and pressure ‘contain equal number of 


molecules.” 
Since both gases have same volume i.e., 1m? (0.001 dm?) at STP so both contain equal number of molecules. 
We can justify it mathematically 3 f 
Data: Volume of H, gas =1¢m? = 0.001dm? 
Molar volume of H, gas = 22,414 dm’ at STP 
Volume of CH, gas =1¢m? = 0,001 dm? 


Molar volume of CH, gas = 22.414 dm’ at STP 
number of H, molecules = ? 
number of CH, molecules = ? 
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Solution: 
Number of particies = NaxVolume of gas 
Molar volume 
3 
w Number of H, molecules = 6.0210” «0.001 dm? 
22.414 dm’? 


Answer = 2.68 10" molecules 
= 6.0210” «0,001 dm? 
22.414 dm? 
Answer = 2.68% 10" molecules 
Although, methane molecule CH, is eight times heavier than hydrogen molecule H, but this does not disturb the 
volume occupied, because molecules of the gases are widely separated from each other at STP. One molecule is 
approximately at a distance of 300 times its own diameter from its:neighbour at room temperature 
IDALTON’'S LAW OF PARTIAL PRESSURES 


(ii) no. of CH, molecules 


Statement 
~The total pressure exerted by a mixture of non-reacting gases is equal to the sum of their 
individual partial pressures.” 
Mathematical form 
Let, the gases are designated as 1, 2 & 3 and their partial pressures are pi, Pr & py respectively. The total pressure 


P, of the mixture of gases is given by: 
P=p.+P.+Ps 
Partial pressure ' - 
“The partial pressure of a gas in a mixture of gases is the pressure that it would exert on the walls of the container, 
if it were present in that same volume under the same temperature.” 
lanation 
Et Let us have four cylinders of same volume i.e. 10 dm’ each and three gases hydrogen (H,), methane (CH,) and 


(02) are separately enclosed in first three of them at the same temperature. , 
Tae pera pressures of Hz, CH, and O, be 400 torr, 500 torr and 100 torr respectively. All these gases are transferred 
to the fourth cylinder of capacity 10 dm’ at the same temperature. 


According to Dalton's law: 
P= Pu, * Pen, * Po, 


= (400 + 500 +100) torr 


P, = 1000 torr 

Independent behaviour of gases - , ‘“ 
d ing independently under the normal conditions. The rapidly moving 
- These three non-reacting gases are behaving i solide with the walls of the container. Hence, each gas 


molecules of each gas in a mixture have equal opportunities to Total pressure isthe result of tal number of collisions 


exerts a pressure independent of the pressure of other gases. The 


per unit area in a given time. 
General gas equation for the individual gases : 
Molecules of each gas move independently, so the general gas equation (PV 


individual gases in the gaseous mixture. 


= nRT) can be applied to the 


(i) For H, gas 
Py,V = Ny, RT 
RT. 
Pu, =x, a Pu, © my, isaconstant factor) 
(Ii) For CH, gas 


Pon, ¥ * Ney, RE 


Pen, © Pen, © 


RT. 
Vis aconstant factor) 
(iii) For O, gas 


P,,V=n,,RT 
RT RT. 
2, =, Po, % My, ( V_ i$ constant factor) 
Conclusion 


All these gases have their own Partial pressure. Since, voly 
of moles will be difterent and will be directly proportional to their 


P= Pu, *Pen, * Po, 


mes and the temperatures are the SAMe. so the; 
Partial pressures. Adding these three equations "Ub, 
s 


RT 
POM, Mey, +n, sz 

t er 2 g ¥ ¥ ° 
Pen Vv Com Sn, ten, y 

y PV=a,RT : 


The total pressure of the mixture of gases depends uj 
Calculation of Partial Pressure of a Gas 


The partial pressure of any gas in a mixture of 
(i) Mass of the gas (number of moles) 


pon the total number of moles of the Bases. 


gases can be calculated, provided one knows 


<2 (ii) Tonal pressure of the mixture 
3 (ii) Total number of moles of the mixture 
ew passasioi of ehh ; 
wpPuse We have a mixture of gas and gas B. This mixture is enclosed in a container hy 
ay tolal pressure 43 | aim. The number of moles of the x, pee volume (¥), Ube 
{ temperature I. then: Or Me gases A.and B are ny and ng respectively. If they are maintained a 
Equation for mixture of gases . , 
PV =nRT (i) 
Equation for gas A: 
P\V =n,RT - (ii) 

» Equation for gas B: 
3 PuV =ngRT (iii) iy , , 
, Dividing eg. (ii) by (i): , ; 2 
ie PAV , . . ‘ 

RV ; 

Pa * m7 0? it 199 my 

, p “ 
Pa { 
P, = X,P (Xa is mole fraction of gas A) : 
Similarly Pa = XyP, 


(Xp is mole traction of gas B) 


fraction of that gas multiplied by the total pressure of the mixture. Remember that. 
of the gases in the mixture is less than unity, Moreover, the sum of mole fraction is always equal 


Partial pressure of a as ts the mole 
mole fraction of any one 
to unity. 


pplic on’s Law of Partial Pressure 
Following are t 


the four applications of Dalton’s law of partial pressure 
(i) Collection of gases over water 


Pinot = Pary * Pra sap 
Pros™ Pay * AQUEOUS tension 
Pury = Paros AQUEOUS tension 


(il) Process of respiration 

The process of respiration depends uj 
moves into the lungs as the partial pressure 
lungs is 116 torr CO: produced during resp 
Jungs than that in the air 
(ili) Breathing at higher altitudes 


At higher altitude, the pilot feels uncomfo 
pressurized cabin 1s low, as compared to 159 torr. w 


(iv) Breathing in the depth of sea 


Deep sea divers take oxygen mixed with an inert 
the requirement. Actually, in sea after every 100 feet 
normal air cannot be breathed in depth of sea. Moreover. 
blood. 


Pon the difference in partial pressures. When animals inhale air then oxygen 
Of oxygen in the air is 159 torr, while the partial pressure of the oxygen in the 
ration Moves out in the opposite direction. as its partial pressure ws more in the 


table breathing because the partial pressure of oxygen in the un- 
here one feels comfortable breathing 


gas say He and adjust the partial pressure of oxygen according to 


depth, the diver experiences approximately 3 atm pressure. so 


» the pressure of N» increases 1m depth of sea and 11 diffuses in the 

Bide preituras ls only pisavad io tcc ck GE 

Qioa. Dalton’s law of partial pressures is only obeyed by those gases which do not have attractive forces among, 
their molecules? Justify it. 

Ans. — According to Dalton’s law 


“The total pressure exerted by a mixture of Non-reacting gases is equal to the sum of their individual partial 
pressures at a given temperature.” 


If the gases have attractive forces among their molecules, then the gases will not exert the same pressure which 
they would exert independently. So 


Prep +p. +p, 


= 


and Dalton’s law is not followed. 


Therefore to obey Dalton’s law, only those mixtures of gases are considered which have no attractive forces 


among them. 
DIFFUSION 


we 


1 x 
« © “The spontaneous mixing of the molecules of different gases by random motion and collisions to form a ; 
homogenous mixture is called diffusion.” 
Explanation = 
Accordiig to kinetic molecular theory of gases, the molecules of the gases move haphazardly. They collide ‘ 


i t heir directions. The molecules of the gases are 
among themselves, collide with the walls of the vessel and change th eS 
sebelah collisions. This spontaneous intermingling of molecules of one gas with another at a given temperatu 
Pressure is called diffusion. 

Example #1 7 
‘ When two gases diffuse into each other, they wish to make their partial pressures same everywhere. Suppose 
28. a it a partition 
NO), a brown coloured gas and O, a colourless gas, are separated from each other by a party 


OIFFUSION 


When, the partition is removed, both gases diffuse into each other due to collisions and random m 
reaches when both gases generate a homogeneous mixture and partial pressures of both are unitorm u 
mixture. 
Example # 2 
The spreading of fragrance of rose or scent is due to diffusion. 


tion. 4 


Moushog 


EFFUSION 


“The escape of gas molecules one by one through the hole of molecular 
dimension into an evacuated space without collision is called effusion.” 


Explanation 


The eftusion of a gas is its movement through an extremely small opening into a 
region of low pressure. This spreading of molecules is not due to collisions but due to 
their tendency to escape one by one. 

Actually, the molecules of a gas are habitual in colliding with the walls of the vessel, 
When a molecule approaches just in front of the opening, it enters the other portion of the 
vessel. This type of escape of molecules is called effusion, 


Example 
An inflated balloon gradually becomes smaller in size due to effusion. 


GRAHAM'S LAW OF DIFFUSION 


This law was introduced by an English scientist Thomas Graham (1805-1869). 
Statement 


“The rate of diffusion or effusion of a gas is inversely proportional to the square root of its density at constant 
temperature and pressure.” 


Mathematical form 
According to the law, 


[e) 
Escape of gas molecug 
through a hole is EFFUSION, 


Rate of diffusion cc 7 
Rate of diffusion = a 


Rate of diffusion x Vd =k 
or’ Ratex Vd =k 
The constant k is same for all gases, when they are all studied at the same temperature and pressure. 
Let us have two gases | and 2, having rates of diffusion as r, and r; and densities as d, and d; respectively. 


Molecular 


Scholar's CHEMISTRY - x1 (Subjective) 


According to Graham's law, 


nx yd = (i) 
he yd =k (iy 
Dividing equation (i) by (ii) and Tearranging. 
5. va 
Ja, 


Since, the density of a given gas is directly proportional to its molecular mass. So, Graham's law can also be written as: 


6 oM 
Where. M, and M; are molar masses of gases 
Demonstration of Graham's law 


This law can be verified in the laboratory by noting the rates of diffusion of two gases in a glass lube, when they 
are allowed to move frum opposite ends. 


% 
| 
| 


Verification of Graham's Law of diffusion 


Two cotton plugs soaked in HCI and NH) solutions are introduced in the open ends of 100 cm long tube simultaneousis 
HCI molecules travel a distance of 40.5 cm and NH, molecules cover $9.5 cm in the same direction. They produce dense 
white fumes of NH,C1 at point of junction. So, : r 


r IMuex : 

wn, VM: ‘ 
Tha Mau, Q. Under similar conditions 
i jie which of the following 
59.5 _ V36.5 gases will diffuse four times 
405 Ji7 as quickly as O, 

1.46 = 1.46 (a) He (b) N 

(cj H, {d) CO 


Hence, the law is verified, 
Contributions of some chemists in kinetic molecular theory of gases 
Bernoulli (1738) 

He put forward kinetic molecular theory of gases. 
Claustus (1857) 


Ho 
© He derived the kinetic equation PV = gun e 


© He deduced all the gas laws from kinetic equation. 


Maxwell 
© He elaborated and extended the kinetic molecular theory. 


© He gave the law of distribution of velocities. According to this law. = 
“Mylecules are in the form of groups having definite velocity ranges 


Boltzmann 
He contributed and studied the distribution of energies among the gas molecules. 
van der Waals 


. an? ) 
He moditied the general gas equation for real gases | P+ 7 lw ~nb)=nRT 
\ 


KINETIC MOLECULAR THEORY OF GASES (KMT) 


“A set of postulates that describes the nature and behaviour of an ideal 
gas is called kinetin molecular theory of gases.” 
Fundamental postulates 


Every gis consists oF # large number of very small particles called molecules. Gases like He, Ne, Ar have mono. 
atomic molecules 


2. The molecules of a gas move haphazardly. colliding among themselves and with the walls of the container ang 
change thew directions 


The pressure exerted by a gas 1s due to the collisions of its molecules with the walls of a container, The collisions 
among the molecules are perfectly elastic. 


4. the molecules of t gas are widely separated from one another and there are sufficient empty spaces among them 
the molecules of a gas have no forces of attraction for each other. 
6 ~The actual volume of molecules of a gas is negligible as compared to the volume of gas 

the motion imparted to the molecules by gravity is negligible as compared to the effect of the continued collisions 
between them. 

& The average kinetic energy of the gas molecules varies directly as the absolute temperature of the gas. 

Clausius’ kinetic equation 

RJ. Clausius deduced an expression ‘for the pressure of an ideal gas. Actually, pressure on the walls of the vessel 

4s due to collisions. Whenever, the molecules move they collide among themselves and with the walls of the container 
Due to these collisions, a force is exerted on the walls of the container. This force when divided by the area of the vessel 
g1Ves force per unit area, which is called pressure. In this way, the final form of kinetic equation is as follows 


PV zmNe 
P = Pressure 
V = Volume 
Where, m_ = Mass of one molecule of the gas 


N_ = Number of molecules of gas in the vessel 
© = Mean square velocity 
Mean square velocity 
All the molecules of a gas under the given conditions don't have the same velocities. Rather different velocities 


are distributed among the molecules. It is explained in Maxwell's law of distribution of velocities. If-there aren; 
molecules with velocity c;, n; molecules with velocity c) and so on then: 
= _ Gtei+e?+........ 
c= ‘ 
n, FN, +N, +00... 
In this reference, 


mame as =N 


gare wAIOEY sin ponctnia ibeDbds Wh 

eee of the squares of all the possible ve'! ies, en we take the square root 
el 0, 

av! velocit (Cums): : a 

ere Com = Vc 


Of this then in is Called root 


z root mean square velocity deduced from the kinetic ‘equation is 
written as follows: 


oe 3RT 
M 


where: Cm, = Foot mean.square velocity 
rms 
M_ = Molar mass of the gas 
T = Temperature 


* Average velocity = = 
™M 


® Most probable velocity = & 


tion is a quantitative relationship between the absolute temperature and 
s molecules. According to this equation, higher the temperature of 


janation of Gas Laws from Kinetic Theory of Gase 
Explane 


5 Law 
()) Bore . one of the postulates of kinetic molecular theory of gases, 
ro energy is directly proportional to the absolute temperature of the gas.” 


Ran . 
The kinetic energy of ‘N’ molecules is 2 mN c 
So, SmN aT 


dmN = kT veel) 


Where ‘k’ is the proportional constant. 
According to the kinetic equation of gases. 


PV = zm e t 
ing by 2 on right hand side 


PV = {mn 3) 


Multiplying and di 


Putting eq. (i) into eq. (ii) 


‘the temperature (T) is constant then right hand side of eq.(iii) Skt is constant. 
Let that constant be *k'?. c 
So 


PV =k’ (Boyle’s law) 


Conclusion 
D ; ; 
‘eat 2 constant temperature and number of moles, the product PV is a constant 


(1) Charies’s Law 


The kinetic energy of *N’ molecules is 5mNe 


So. 
i) 


Wien “kh” 1s the proportional constant. 
‘c-ording tn the kinetic equation of gases 


PV -imné 


Multiply ing and dividing by 2 on cight hund side 


PV -2{ me) seoned a" * 
“a cr ty into eg. (ii) 
py = 5kr ail (iii) 
(2 
v-(Z)r 
5P 
2k 
At constant pressure, P, =k" (a new constant) 
therelore, V =k'T 
(Charles's law) 


Concta ion 


According to one of the postatates of kinetic molecular theory of g2ses, : 
“Tue kinetic energy is directly proportional to the absolute temperature of the gas 


Cc 


1 volumes of all the gases at the same temperature and pressure contain equal number of Molecule: 
Equa : 


avogsdros ao Law of Diffusion 


edie 


take One mole of a gas havin, 
we 


if 


\t_a constant pressure and number of moles, the ratio of V/T is a constant quantity. 


(ill) Avogadro's Law 
Con sider two gases I and 2 at same pressure P and having same volume V. Their number of molecules are N, and X,, 
a+ ~ molecules are m, and m; and mean square velocities are cuand ¢? respectively. Their kinetic equations can be 


sritten 03 follows 
| - 
PV = zm, co 


For gist: 
For gas 2: Pv = FMM, g 
Equaiizing: 


1 > tt 
mN,c; = smn, c; 


3 

Hence, mN, os =m,N, oe fetal 

When the temperature of both gases is the same, their 
= 


ace 7 
zmc = 5m; c 


2 


(i) 
mean kinetic energies per molecule will.also be same, 50 


tothe kinetic equation 
pv -imNé 


Vd 
*V’ is the molar volume of the gas at given conditions. Since the root mean square velocity of the gas 1s propor ont \ 


the rate of diffusion of the gas 


Vz oar 


— 
@ [3] 


So, t= 


With the wa 
ofthese collisions with:the walls of the container. 


Let us writethetkinetic Gas equation 


" Avogadro's number of molecules (N = N. 


| = 
PV ==mN\\c° 
or PN Me .4ii) (M=mN,) 
is the cular mass of the gas. 
Where M is the molecu! ‘ a 
or i 
M 
raking equare root 
a ~~ _ SPV 
ve “VM 
= _ | 3P 
oan CG 
=. BP (M_.\ 
Noo Sal wv =d 
Nid 


shee 


ad then the equation () can be write 


ation of Temperature 
\« kinetic molecular theory of gases the moleculles of a gas move randomly. They he -“— — 
ls of the vessels and change their directions. The collisions are elastic and the pressure of the gas is 


1 = 
PV =—mNc* (a) 
3 


P = Pressure 
V = Volume 

m_ = mass of one molecule of the gas 

N= Number of molecules of the gas 

ci = Mean square velocity 

: ‘ 

The average kinetic energy associated with one molecule of a gas due to its translational motion is given below 


& <ime () 
2 
In the above equation Ex represents the average translational kinetic energy of gas molecules. 
Multiply and divide equation (a) by 2 
PV = 2x imNe! i 


Putting equation (b) into equation (c), we get 
PV - 2NE, wee (db) 


If we use one mole of a gas, then N = Ny 
Now put the value of N in the equation (d) 


PV = 2N AEs r (e) 
According to the general gas cquation for one molc of a gas 
PV =RT 


Put the value of PV in the equation (e) 
RT = ENE 


But ELS is « constant quantity, So the above equation can be written as; 
n 
Ey = Constant « T 
E& «T 
The above equation shows that abfolute temperature or Kelvin temperature of a gas is directly proportional to the average 

translational kinetic energy of its molecules, This suggests that a change in temperature means change in the intensity of 

molecular motion. 

Idea of flow of hest: . 

When heat flows from one body to another body, the molecules in the hotter body give up some of their kinetic 
energy through collisions to the molecules in the colder body. This process of flow of heat continues until the average 
translational kinetic. energies of all the molecules in both bodies oer i a al did leet 
© Im gases and liquids, temperature is the measure of average translaflaral KNCe energies of imorecules 


¢ Im solids, where molecules cannot move freely temperature becomes a measure of vibrational kinetic energy 
Absolute zero ; 
If we look at the absolute zero in the light of kinetic interpretation, we can say that itis that temperature at which 


the molecular motions cease. The absol i i 
q lute zero is unattainable. However current att "4 erature 
as low as 10° K. jempts have resulted in a tempera 


of Liquefaction 
ion of a gas into a liquid requires high pressure and jou tempe 
to each other. Low temperature deprives the moleciiles from kan 


High prescure be 


S ENerRY and attrective tive 


emperature (T. o) 


re pighest temperature at which a substance can exist asa lqued 1s called 


° ature.” 
critical tempers ‘ee 


The temperature of a gaseous substance above which it cannot he « 

jaa auch the pressure is applied on it is called critical temperature 
w 

ing the critical temperature 

critical temperature of a substance depends upon. 


Fonverted into the liquid state no matu 
© NO matter 


factors affecti 
The value of the 
Size of the molecule 

® Shape of the molecule 
a Intermolecular forces 
critical Pressure (Pe) 

~The pressure which is required to bring about liquefaction at critical 

temperature 1s called critical pressure ~ 

Critical Temperatures and Critical Pressures of Some Substances 


Substance Critical Temperature T.(K) | Critical Pressure P. (aim) 


647.6 (374 40°C) 176 
405.6 (132 44°C) 


Water vapours, H2O 
Ammonia, NH; 


Freon-12, CCI)F> 384.7 (111.54°C) | vate 
Carbon dioxide, CO, 304.3 (3).}42°C) 

Oxygen, Or 194.4 (-118 75°C) 19 
Argon, Ar 150.9 (-122.26°C) 4K 


126.1 (-147,06°C) 
33.2 (-239 96°C) 
5.3 (-267.86°C) 6 


Nitrogen, Nz 
Hydrogen, H; 
Helium, He 


Importance of critical temperature and critical pressure 
The critical temperature and the critical pressure of the substances are vers important for the \ 
the gases. These properties provide us the information about the conditions under which vases |quets 


orkers dealing with 


For examples 

(i) O» has a critical temperature 154.4 K (-118.75°C). It must be cooled below this temperature before it can be 
liquefied by applying high pressure. 

(ii) Ammonia is a polar gas. Its critical temperature is 405 6K (132.44°C), so it can be liquefied by applying sufficient 


Pressure close to room temperature. 


‘a 
Critical Volume (V,) 
“When a gas is measured at its critical temperature and critical pressure. then at that stage volume of | mole ot 
gas is called critical volume.” 
' 


Substance, acrsmee-y ~«r, Critical Volume (em? mol") 
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100 Chapter 3=>Gag ee a ee 
v d cools the incoming compressed air. It retums to the 
Carbon dicxide (COs) [assem mor | cote 7 cole air vag tig uid air is collected at the bottom of the expansion cas en" PUN. This proces 
in and 38 
7s method 
: and He gases. 


red 38”! 
aa +) annot liquefy Hr 
Differentiate between ideal and non-ideal gases 


Hydrogen (H:) 64.51 cm’ mol 
apa Gee Og a — | en we'd 
Q15. Explain the following facts: a method, : 
f es. 'Y B8S laws under 
and pressure are 


(iv) Water vapors do not behave ideally at 273K. 
Ans. Any gas kept below its critical temperature behave non-ideally because under these conditions, forces gy 
attraction can dominate and gas is converted into liquid by applying pressure. Since, water vapours are kepy a 
273K below their critical temperature (374.44 °C), hefice are converted into liquid by applying the pressu.. 
because vapours have sufficient intermolecular forces between them under these conditions. 
Force of attraction is present among the 
molecules of non-ideal gases 


Methods of Liquefaction of Gases 

Following methods are generally used to liquefy gases. 

(i) Faraday's method (The Bases liquefied by this method had their critical temperature above or just below the 
ordinary atmospheric temperature). 

(ii) Claude’s method (The gas is cooled not only by overcoming the intermolecular forces but also by performance or 


work). 
(Linde has employed Joule-Thomson effect as the basis for liquetaction). 


‘an never be liquefied. 
ideal gases may be equal to | The volume of non-ideal Bases can never be 


ideal gases © 
equal to zero 


The volume of 


ii % zero 
(iii) Limde’s method geal gases do not exist in nature, 
INO EAL BEHAVIOUR OF GASES) 


Joule Thomson Effect 

“When a compressed gas is allowed to expand into a region of low pressure, it gets cooled.” 
Low temperature can be achieved by Joule Thomson effect: 
wiour of the real gases like Hb, He, Nz and CO; is studied keeping in view 


The molecules of a compressed gas are very close to each other and appreciable i 
attractive forces are present phates them. When bss is allowed to undergo sudden pabapmdsiod ee 
expansion through the nozzle of a jet, then the molecules move apart. In this way, energy * 
is needed to overcome the. intermolecular attractions. This energy is taken from the gas 
uself, which is cooled. 

Linde’s method of Liquefaction of Gases 
Linde has employed Joule-Thominn effect as the basis for liquefaction. 
Compression . 
For the liquefaction of dir, it is compressed to about 200 atm and then passed through a water cooled pipe where 
the heat of compression 1s removed, i 


Expansion 


vd between pressure on X-axis and the PV /nRT on ¥ 
bility factor Its value is unity under all conditions for an idea 


¢ of pressure decreases the volume such that PV /nRT 
© parallel lo pressure axis is obtained 


igh a spiral pipe having a jet at the end. When air comes out of the Jet, the 


It is then allowed to pass throu; 
expansion takes place from 200 atm to | atm. In this way, considerable fall of temperature occurs. 
200 490 800 800 1090 
—s > atm) 
Non - ideal behaviour of gases.at 0°C. J 
. he real gases bre been found te show marked deviation from this behaviour ? 
Graphical Explanation (at o°C) | 
© Far He gas cael oes atten swith expected horizontal line to some extent but goes above tis bine al vy E 
Pressures It ms that at very & oh opessurgs the decrease in volume isnot according to genema! 2 eter 1 
Salar TPS ART bay nereased tront the eapetted values. With this type of hehaviour we would say eh the gas > ' 
non-ideal 
* For H; gas, the dev iation starts even at low pressure in comparison to He 
© Nz gus shows a decrease in PV HR] value at the beginning and shows marked deviation even at low presire than 


H: 
* CO: gas has a very strange behaviour as it is evident from the graph 


102 
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SG gig 
jar 
i F F ie 
Limitations for gases ank that some of the postulates of kinetic molecular theory of gases a 
The extent of deviation of these four gases shows that these gases have their own limitations for obe: 0 you thin! ——— 


zas equatiey Ying pe 
S8s esuation It depends upon the nature of the gas that at which value of pressure. 11 will start disobey ing, B Bene, 3" 
Graph at 100 °c 


If the behaviour of all these four 


 Dostates: 
lecular theory quantitatively explains the behaviour of Bases 
wc Mo! 
Kinetic neral gas equation PV = NRT under all conditions of tem 


gases at elevated temperature i.e, 100°C is studied, then the graphs co, 


se! DErature an 
te the & as follows t a an Ae dég ane 
the expected straight line and the deviations are shifted towards higher pressure. This means that the inet Sl if 695 postulates of kinetic molecular theory of gases. On the other hand. eal an 
temperature makes the gases ideal : <Fease |. obeys @ close to each other and low temperature deprives them from thers iS DrINg’s the gas 
ii molecules tes among their molecules Causing a non-ideal behaviour CENerEY I. develops 
This discussion on the basis of attractive fO 


experimental observations convinces us that 
Pressure and non-ideal at high pressure under 3h 
at high temperature and non-ideal at low temperature according to ab 
There are no 


actual volume of gas molecule 1s negligible as compared to the volume Of the vesse 


Pans d condition, the actual volume is not neglig: 


sases are ideal at low 


ghly compresse 
© Gases are ideal 


ove discussion, two postulates of KMT of gases are considered faulty 
forces of attraction among the molecules of a gas 


"ole az 
ble a: compared to the volume of ve 5 


They are 


w 
(ii) 

he value of ‘compressibility factor for H, and He is always positive. Justify. 
T 


: a i) hy nh 
The behaviour of H,and He pe noise oe ay factor always increases with into 
5 essure. This 1s due to the fact that ‘a’ for hydrogen an } elium are very smaii indicating that forces of 
Caton in these gases are very weak. Therefore, (an’ / V') 1s negiglbie at all pressures so thet 2 sams 
a ~ Y 
greater than ong: 
Non - ideal behaviour of gases at 100 °C ‘@ ivan der Waals’s Equation for Real Gase: 
Causes for deviations from ideality an der Waals pointed out that both pressure and volume factors in deal as equation needed correction to make 
San -der Waals (875) attributed the deviation of real gases from ideal beh : H gase . 
attra al ps aviour t i conte to the ses. 
kinetic nulecular the sta le o gases fre four to two of the eight Postulates of it applicable to ua ec 
io’ 
: Faulty postulates of KMT of gases: clue COle 
These postulates are as follows (i) Cornpression of 2 gas 
() There are no torces of attraction among the molecules of a gas. When a gas 1s compres an bi a Hes ps aiiacucl ian He ues OISSSTOREME between 
(ii) The actual volume of gas molecules is negligible as compared to volume of vessel. them. When pressure ts increased further, eeer . elves. Actually. the motecutes have definite 
Explanation ume, no doubt. very small as compared to the vessel, but it is not negligible 
vol re a‘ bas 
© Wien the ecex > ‘ 4 . 3 rt 
hen the pressure on a gas is high and the temperature is low then the attractive forces among the molecules becor (ii) van der Waals’s postulate ; 
Significant, so the ideal gas equation PV = nRT does not hold, Actually. under these conditions, the 285 doe ites van der Waals postulated that the actual volume of molecules can no longer be neglected na highly Compressed 
Femamn sdeal ag. gas. If the effective volume of the molecules per mole of a zas 1s represented by b. then the volume available to gas 
© the . 


actual volume of the molecules of 
can be neglected. This volume, 
shown in the figure below 


4 gas fs usually very small as compared to the 


molecules is the volume of the vessel minus the volume of gas molecules. 
however, does not remain negligible when the 


volume of the v&ssel and heng 
as is subjected to high pressures. Vive = Vaca ~ b 

Where, “Vic.” is the volume available to gas molecules, 
(iii) Excluded Volume “b” 
“The volume of a gas which is occupied by | mole of gas molecules in highly 
compressed state, but not in the liquid state, ts called excluded volume or 
effective volume or incompressible volume (b).” 


Value of “b” for some 
common gases 


° 


Carbon 


¢  Itisaconstant and characteristic of a gas. 
¢ Its value depends upon the size of the gas molecules 
¢  Itisalsoa van der Waals constant. 


© It is not equal to the actual volume of gas molecules. In fact, it is four times 


the actual volume of molecules. 
A low . 
when pel sehecyced A gos at high pressure b=4V,, 
's negligible when actual volume Where, V,, is actual volume of one mole of gas molecules 


's not negligible. 
ve 


Scart 3 danny 


(i) Attraction between molecules 


(ii) Pressure on the wall of container 


Teale pressure on the wall duc to the presence of attractive forces due to “4: 
the wall of the container is “P” 
P, by an amount P’. So, 


P=P,-P 
Where P is the true kinetic 


Pressure, if the forces of attraction would have been absent. P’ is the amount of pressure 
lessened due to attractive forces 


type molecules. Let the observed pressure on 
This pressure is less than the actual Pressure 


Molecular attractions Wall of vessel 
are balanced, 


inward pull on A 


| 


Forces of attraction and pressure correction. 
Ideai pressure P 1s 
P.=P-+P’ 
It 1 suggested that a part of the pressure “P” for one mole of a gas used up 
against intermolecular attractions should decrease as volume increases. 
(iii) Value of P’ 


The value of P’ in terms of a constant “a” which accounts for the attractive forces 
and the volume V of vessel can be written as: 


How to prove it 

P” is determined by the forces of attraction between molecules of type A, which 
are striking the wall of the container and molecules of type B. which are pulling then 
inward The net force of attraction is proportional to the concentrations of A type and B 
type nrlecutes 

P2c. Cy 

Let. nis the number of moles of \ and B separatel and total volume of both 

Wepes ot setecule is NV" Them Vis moles dm ‘of A and B, separatels 


k 
Consider a molecule “A” which is unable to c] 


a 


» ig aoe a 
Pasi » 


Value of “a” for some! 
common g 


the gas molecules, smaller the volume of 
ee vcosure PY va” is cueflicvent of attraction 
es 
ant value for a particular real gas 


Ct am 
ctive forces 
2 the ae the value OF lessened pr 
Gre preatet 


- aconst : 
eton a cna he 1s given by P,. which is the pressure if the aioe 
or sve kinetic 
mean meee p, =P+Pr...- (ii) pee Fes | 
- fp’ from equation (i) into (1) sae 
porting values ¥! sy A = | 60 —_—«d 
Sulphur 6 | 
for one of 3.535 ae 
(pst \v-b) = Lononne [cass | 
Va be 
a 
for "n” moles of ags 7 
(p+22 |v —nby = ART 
\ 


is called van der Waals’s equation. ‘a’ and “b’ are called van der Waals’s ~v 
This és ¢ 


constants. 
wcameen ets | 
Since = 
So 
W 
aN \ / ) 
then i] 


oa 
Common units of a= atm dm* mof 


{b) Si units of ‘a’ ava 


Since in SI, A jl ’ 
P = Nm’, V=m', n= mol ’ 
— 4 
—pwr / “e 


So eo 5 


n Ny fab ut 
am Nm? x(m?)* _Nm J 


(mol)? Sz esl pe 
SI units of a= Nm“ mol” ° ; 
(Common units of “b’ ; al” 
b = Excluded volume mol”! of a gas os 
So b= dm’ mot’ [AsV = dm’) =" - 
(d) St units of . , 


b=m’ mol [As V=m’} 
Determination and dependence of value of “a” and “b” 


i" under two different 
The values of ‘a’ and *b’ can be determined by knowing the values of P. V and T of a gaseous system 
conditions, 


er 3S Cay 


The presence of imermolecul, 
H 


forces in gases like Cl. and SO. increases their “a” factor. The least value of af; 
z for 
8 due to its smail size and non-polar character 


© The ‘B value of H 


is 0.0266 dm’ mol” It means that if 2 016g (!mole) of H, is taken, then it will occupy 0.0266 


den’ oF 266m’ of volume at closest approach in the gaseous state 


Q13c__Hydrogen and Helium are ideal at room temperature but SO, and Cl, his. 


are non-ideal. How will you explain this, 


t 2 Bas 15 non-polar, having weak intermolecular forces, it means that the gas is behaving 


\eaily (The values of 
2° and ‘b’ are smail for that gas) 
The presence of intermolecular forces in Bases like Cl, and SO; increases their ‘a’ factor, mak: 


35 Compared to H, and He (smail size and non-polar). Similarly excluded volumes of Cl, and SO, are greater due 
10 large size of motecules, again making them non-ideal. H, and He have less values of ‘b’ so they behave idea}}, 
at room temperature 


Qrab__What is the physical significance of van der Waals’s constants ‘a’ & . Give their units. 
Ans. Physical Significance of ‘a’ and ‘! 


ung them non-idea) 


in wan der Waais’s equation, ‘a’ 1s called co-efficient of attraction or a 
value for 2 particular real gas. Hi 
deal Denaviour 


traction per unit volume. it nas a constant 
gner the value of ‘a’, stronger the intermolecular forces and more deviation frony 


hd in wan Ger Waals’s equation 
Gepends upon ine s.ze of 
from idea! Dehaviour 
Note: Units are given above in topic 
Q15.__ Explain the following facts: = i 


‘DY is excluded or incompressible or effective volume per mole of a gas. Its value 
ges molecule. Higher the value of “b’, greater the size of gas molecules.and more deviation 


(iii) Pressure of NH, gas at given conditions (say 20 atm pressure and room tem 
van der Waals’s equation than that calculated by general gas equation. 


Ammonia being a poiar gas has a greater value of ‘a’ (attractive co-efficient = 4.17 atm dm* mol). Due to 
intermolecular forces, it behaves as a non-ideal gas. Therefore the pressure calculated by van der Waal’s 
equation 1s less than that calculated by general gas equation. 

{v) SO, is comparatively non-ideal at 273K but behaves ideally at 327°C. 


Any reai gas can behave ideally or non-ideally depending upon conditions of temperature and pressure. As we 
know gases are ideal at high temperature and non-ideal at low temperature. SO, has a large size and a polar gas. 
So it has strong intermolecular forces Therefore at 273K (0°C), it shows non-ideal behaviour due to strong 
intermolecular forces. It behaves ideally at 327°C (600 K) due to weak intermolecular forces. 


What Is plasma? 


Plasma is often called the ‘fourth state of matter”, the other three being solid, liquid and gas, Plasma was 
identified by the English scientist William Crookes in 1879, In addition to being important in many aspects of our daily 
life, plasmas are estimated to constitute more than 99 percent of the visible universe. Although, naturally occurring 
Plasina is rare on earth, there are many man — made examples. Inventors:have used plasma to conduct electricity in neon 
signs and fluorescent bulbs. Scientists have constructed special chambers to experiment with plasma in laboratories. It 
occurs only in lightning discharges and in artificial devices like fluorescent lights, neon signs, etc. It is everywhere in our 
Space environment 


How is Plasma formed? 


When more heat 1s supplied, the atoms or molecules may be tonized. An electron may gain enough energy to 
| Sssape its atom This atom loses one Gectron and 


perature) is less as calculated by 


Ans. 


develops a net positive charge It becomes an von laa sufficiently 


| Natural P' 


ny times, creating clouds of free electrons and ions. However all th 


a . 
os ionization appre Be them may remain completely intact with no net charge. This ionized oe ant at 
7 so S z tre 
peated ily 107 eae and neutral atoms is called plasma ‘ 
ee of ions. ele 1s a distinct state of matter containing a significant number os 
ann je means that 8 aan ‘a number sufficient to affect its electrical properties and oo ™ 
charged parucles 
c electrically charged Pa ) = 
of 
your rr ma 
artificial Plas : 
ural and i -an be created by ionization of a gas. as in neon signs. Plasma Dao, 
Far prsifcial plasma ar rere in because outside a vacuum low temperature ne melesules 
temperatures '> be molecule it encounters. This aspect makes this material, (25C) 
at ow rapidly with any }é 
sma reacts se. © o 
pie useful and hard to u ists only at very high temperatures, or low temperature ° 


Natural plasma © 


her hand do not breakdown or react rapidly, but is extremely hot 
1 


we ‘on the ot! Their energy is so high that they vaporize any material they 


jasma 
‘er20 00°C minimum 
Lane 


rouch. 
characteristic abate {ficient number of charged particles so as a whole, it 
1 A stive response to electric and magnetic fields. The motion of the parties 
exhibits @ collectve te fields and electric currents from within plasma density. It refers to 
in the plasma Te chain panicles. This complex set of interactions makes plasma a 
| the density and ‘complex state of matter. 
unique. fascinating includes electrons and ions and conducts electricity, it ts 


2 fae pee gm measurable quantities the number of electrons and tons are 
} macroscopica! : 


equal. 


Jasma must have sul 


© 090 


lons, electrons 
( 100,000 C 
\ where is Plasma found? 


i tse is almost of plasma. It existed before any other forms of matter came into being. Plasmas are 
pued hing fron the sun to quarks, the smallest particles in the universe : 
| eae phone plasma is the most abundant form of matter in the universe Mis the stuff of iis se 4H 
the 2 councie space is plasma. All the stars that shine are all plasma. The sun is a 1.5 million kilometer 
$ a nserasteih a“ few limited places, like lightning bolts, flames, auroras, and fluorescent lights. When 
| an denver is passed through neon gas, it produces both plasma and light 


Applications of Plasma ae ; 
} Plasma has numerous important technological applications. [tis prese 
| much of the universe around us. Because plasmas ure conductive respond it 
efficient sources of radiation, so they can be used in innumerable applications 
special sources of energy or radiation are required. ; ela vane Gi 
() A fluorescent light bulb is not like regular light bulbs. Inside the long tube Md a a toga ba charging 300 
electricity flows through the tube. This electricity acts as that special energy and charg : P 
exciting of the atoms creates a glowing plasma inside the bulb. rere 
(H) Neon signs are glass tubes tilled with gas. When they are turned ee dees 
The electricity charges the gas, possibly neon, and creates a plasma inst 
colour depending on what kind of gas is inside. ; 

A * | e tion of some 
(lil) They find applications such as plasma processing of semiganon epee 
lamps, lasers, diamond coated films, high power microwave sources and pulse i sda generation of ta 
as 

(iy) They also provide the foundation for important potential applications suc 
from fusion Pollution control and removal of hazardous chemicals 


nt in many devices. It helps us to understand 
10 electric and magnetic fields and can be 
here such control is needed or when 


aricity flows through the tube. 
plasma glows with a special 


medical products, 


nerEY 


iB) the behaviour of a 


6) 


7) 
8) 


—— eee... 


9) 


108 


(oo)) They drive lasers and 
‘SOFFOSION-resistant 


Future Horizons 
Scientists are workin, 


Particle accelerators, help to clean up the environment, pasteurize foods and Make 
Yoo), 
1 ON putting plasma to effective 


7 tl ™w temperature plasma give the plasma molecules, which do not react until they cojj | 
with another molecule with just the right energy. This enables these metastable molecules to survive long enough fe ~ } 
These metastable partic 


icles are selective in thei ivi ialh i 
like radioacuve contami ive in their reactivity. It makes them a potentially unique solution to Problem, 


Scientist are currently experimenting with mixtures of gases to work as metastable agents on 


lutonium a, | 
uranium. and this is just the beginning. Plutonium ang 


as Is described through four variables i.e., pressure, volume, temperature and its Number of 
moles, The relationships between &as variables are known as the simple gas laws. Boyle's law related Pressure of 
@ gas with its volume, while Charles’s law relates gas volume with temperature. Avogadro's law is concemey 


with volume and amount of a gas. The important concept of absolute zero of temperature originates from the | 
sunple gas laws. 


By combining the above mentioned three laws, 2 more general equation about the behaviour of gas is obtained 
ie. PV = nRT. This equation can be solved for any one of the variables when values for others are known. This | 
equation can be modified for the determination of molar masses and the density of the gas. | 


Dalton’s law of partial pressures can be used to calculate the partial pressures of gases. 

The processes of diffusion and effusion are best understood by Graham's law of diffusion. 

Kinei. molecular theory of gases ‘provides a theoretical basis for various gas laws, With the help of this theory a | 
felationship 1s established between average molecular kinetic energy and kelvin, temperature. Che diffusion and | 
eflusion of the guses can be related to their molar masses through the kinetic molecular theory of gases. 
Uhe real gases show ideal behaviour under specific conditions. They become non-ideal at high pressure and low 


temperature. The non-ideal behaviour results chiefly from intermolecular attractions and the finite volume 5 
occupied by the gas molecules, 


Gases can be liquefied by applying-sufficient pressure but temperature should either by critical one. or below it. 


To calculate the pressure or volume-of a real gas under the non-ideal conditions, alternative kinetic equation has 
been developed. This is known as the van der Waals’s equation. 


The plasma, a forth state of matter, consist of neutral particles, positive ions and negative electrons, 99% of the | 
known universe is in the plasma state. 


Is LVED OBJECTIVE EXERCISE 


Select the correct answer out of the following alternative suggestions. 


Pressure remaining constant, at which temperature the volume of @ gas will become twice of what it is at 0°C. hs 
(a) 546°C (b) 200°C 
(“6K (d) 273K 


Number of molecules in one dm’ of water is close to 


nb 
my 


Chapter 3 Q, 
™ Plasma light up our offices and homes, make our computers and electronic equipment work. 


(iii) 
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12.04 
224 


2 (b) «108 


(@) 
x10” (d)_ 5316 = 6.02 = 10” 
22.4 v 


Which of the following will have the same number of molecules at STP? 
85 em’ of CO; and 280 cm’ of NO 
a 11 2.dm' of O; and 32 g of O» 
(e) 44g of CO, and 11.2 dm’ of CO 
(4) 28 gofNz and 5.6 dm’ of oxygen 
Ifabsolute temperature ofa 1s doubled and she Presmure \s reduced to one half. the volume ¢ 
(@) Remain unchanged (Or Weesenné fous tenes 
(c) Reduce to 1/4 (4) be doubled 
How should the coneitians be shanged to prevent the volume of a given gas trom expanding When its mas 
Z 7 


inc 
Temperature ts lowered and pressure 1s increased. 


(ec) 


i) ot the gas will 


(v) 


(b) Temperature is increased and pressure is lowered 


(©) H 
(d) Temperature and pressure both are increased. 


(ay STP bey7127°C and 1 atm 

(c) 0°C and 2 atm ({d) 273°C and 2 aim 

The order of the rate of diffusion of gases NHy, SO», Cl; and CO, is 
are $0; >Ch> CO; (b) NH;>CO,>S0;>Cl; 
(ce) Cl:> SO; > CO; >NHs (d) NH: >CO;> Ch > SO, 


(viii) Equal masses of methane and oxygen are mixed in an empty container at 25°C. The traction of total Pressure 


exerted by oxygen is 
ane (b) 89 


() 6 (@)- 19 
Gases deviate from ideal behaviour at high pressure. Which of the following 1s correct for non-idealnty? 
(a) Athigh pressure, the gas molecules move in one direction only 
(b) At high pressure, the collisions between the gas molecules are increased manitold 
(c)  Ajbigh pressure, the volume of the gas becomes insignificant. 
Athigh pressure, the intermolecular attractions become significant. 
The deviation of a gas from ideal behaviour is maximum at 
( —10°C and 5.0 atm (b)  -10°C and 2.0 atm 
(c) 100°C and 2.0 atm (d) 0°C and 2.0 atm 
A real gas obeying van der Waals equation will resemble the ideal gas if 
(a) Both ‘a’ and *b’ are large (b) “Botti “a’ and °b’ are small 
(CHS small and ‘b’ is large (d) 


Tempsrature and pressure both are lowered. 


ast 


(vi) The molar volume of CO; is maximum at 


(vii) 


(ix) 


(x) 


(xi) 


‘a’ is large and "b’ 1s smail 


Chi Ptr Sane a 


Anwwer 


Reason 
jo | If at O°C (273K) the volume 1s x then at 273"C (546K) the Volume 
become 2x. Mill 


(d) $5.6 = 6.02 x 10” Idm’ water = 1000g = 1000/18 = 55.S5mol 
1 mol of water = 6.022 10° molecules 
$5.5 mol of water = $5.5 * 6.022 = 10” 
(a) 280 em’ of CO; and 280] According to Avogadro's law 
em of N,O0 ’ “Equal volumes of all the ideal gases at the same tem, 
contain equal number of molecules.” 


At STP 280 cm’ of CO; and 280 cm’ of N 
same number of molecules, 


perature and Pressure 


120 have equal volume so they have 
(b) Increase four times 


(a) Temperature is lowered | An increase in pressure decreases the volume. Similarly a decrease in 
and pressure is increased. temp 


ture also decreases the volume. 
(b) 127°C and 1 atm 


Boon 
(c) v=23.1365 
(b) NH, > CO; > SO; > Cl, 


(a) V3 32g of O, 32g of CH, 


(1 mol) (2 mol) 


(d) At high pressure, the | Significant attractive forces are present between molecules in non ideal gases 
intermolecular attractions | So when we increase the pressure it brings gas molecules close to each other 
become significant. and hence attractive forces operate between molecules. 
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High pressure and low temperature an 


) -10°C and 5.0 atm ideal behavior. 


‘a’ and *b’ are small |  -- oeding to van der Waals’s equation | p . any 
~ nb) 
For an ideal gas a= 0, b=0 
n'(0)) 
\(V~n(0)) = nRT 
VE 


PV = oRT it 1s applicable for ideal gases at all condition: 
pressure 


So! P+ 


Sof Temperature and \ 
Fill in the blanks: 

The product PV has the S.1, unit of 

sight prt ‘of each Oy and H; at 27°C will have total K.E in the ratio of 

rit of the cooking gas during leakage from a gas cylinder is due to the property of a 


Mt gases 
of ideal gases at the same temperature and pressure contain 


avai __— 


NuMEL OF Molecules. 
he temperature above which a substance exists only as agasiscalled 


(iit) diffusion (iv) volume, equal 


{v} critical temperature (T.) 
Q3. “Tick true and false: 
Kinetic’energy of molecules Of gas 1s zero at orc. e 
o A gas ina closed container will exert much higher pressure at the bottom due to gravity than at the top. 
iin Real gases show ideal gas behaviour at low pressure and high temperature. 
uy) —_ Liquefaction of gases involves decrease in intermolecular spaces. 
(vy) An ideal gas on expansion will show Joule-Thomson effect. 


ANSWERS 


INUMERICAL OF EXERCISE 


EE 
Qs. (b) A sample of carbon monoxide gas occupies 150 mi at 25°C. It is then cooled at constant pressure until it 


_-occuples 100 mL. What is the new temperature? 
Ans. Given data: 

Initial volume 
Initial temperature 
Final volume 
Required: 
Final temperature =T; 
Solution: 
According to Charles's law 


=V,= 150cm" 
= T= 28°C + 273 = 298K 
=V2= 100cm’ 


1 
M Vv 
r r. 


T VT 160. 29% 

v 150 

Wk? K ‘ 
Final tem; 


perature = T; = 198.67 K of 198.67 - 273 = -74.33°C 

26 Helium ec or em! comainer at a pressure of $00 torr is transferred to a comtainer with a volume of 250 oF 
What will be the new pressure? 

(2) Hi ne change in temperature occurs, 

{b) _if temperature changes trom 20°C to 15°C. 


te Che 


Inetial volume Vv 


100 cm 
Inwtial pressure =P, = S00 torr 
Fenal volurne V, © 2506m 
(a) Mequired: 
Final pressure P,<7 
Solhatim: 
According to Bovle's law 
rv “PV, 
p _ FY, 5004100 
e Vv, 250 
= 200 torr 
(h) Gwen data: 
Ini cal volune ~V, = 100¢m' 
Joi.) pressure =P) 500 torr 
Final Vedorn ~V~ 250m’ 
i) tal temperature =T,~ 20°C + 273 = 293K 
J snul temper tre +1) 15+ 273 = 268 
Required: 
Finst pressure | =P,<7 
Solution; 
According to Geneva gas equation: 
PY, PV, 
' I 
PY.T, _ $00% 100, 288 
V,T, 250 x 293 
= 196.58 torr 


(a) Final pressure = 200 torr 
(b) Final pressure = 196.58 torr 


2 (a) What are densities in kg m™ of the following at STP? 
(P = 101325Nm’’,T=273K, molecular masses are in kg mol") 
(i) methane, (ii) oxygen, (ili) hydrogen 

os. Given dair: 


Pressure = 101325 Nm™* 
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(b) 
Ans. 


() 


Ans, 


OC * 273K 


aur 
Tene 8.3143 Nm mol 'K 


R= General £25 
Molar masses of gases: 


constant 


cH 16 yu mol | = 0.016 ke mot 
eS 32 ¢ mol’ = 0.032 kg mol 
naar 2g mol ' = 0.002 kg mol 
Ti) 
Required: 
Density of CH 
Density of O. 
Density of H 
Solution 
pM 
¢ RI 
10132570016 
0) Density of CH PET EET) 
O714kgm 
101325 0.032 
fr Density of O $31432273 
142% kg m 


101325 0,002 
3143-273 
0.0892 kgm 
Density of CH,= 0.714 kgm’ 
Density of O, = 1428kg mm” 
Density of H, = 0.0892 kgm’ 


an) Density of H, 


Compare the values of densities in proportion to their molar masses. 
Molar masses of these gases are in an order 

H) <CH, <O 
According to equation 


RI 
IfP, Rand T are constant then d % M. rere 
We will observe that densities are also in the same order because greater the molar mass of gas, greater wil 
density and vice versa 


How do you justify that increase in volume upto 100 dm? at 27°C of 2 moles of NH, will allow the gas behave 
Ideally as compared to STP conditions. 


A real gas behaves more ideally under two conditions: 
(i) Low pressure 
(ii) High temperature. 


According to statement the NH) gas at STP-should occupy A; ed from 44.818 
22.414 dm’ x 2 = 44.818 di’, As temperature is increased from 0°C to 27°C and ea ing 100 dm than at O°C 
dm’ to 100 dm’, conditions are suitable for NHs to show ideal behaviour at 27°C occupy 

Occupying 44.818 dm’, 


8. A sample of krypton with a volume of 6.25 dm’ 
sxpanded to a volume of 9.55 dm’ and a pressure 


Ans. Given data: 


and a pressure of 765 torr and a temperature of "C 
Of 375 torr. What will be the new temperature In °c? 4 


Initial volume =V, = 6.25 dm’ 
Final volume = V2 =9.55 dm’ 
Initial pressure =P, = 765 torr 
Final pressure =P: =375 torr ‘ 
Initial temperature = T, = 20°C +273 = 293k 
| Required: 
4 Final temperature = T. = ° 
Solution: 
PY PN 
TT 
y 7 Eur 
PY. 
= 219.46 


219.46 K - 273 =-53.5°C 


Final temperature = T= -53.5°C 
Q19. Working at a vacuum line a chemist isolated a gas in weighing bulb with a volume of 255 cm? at a temperature 
hy of 25°C and under a pressure of 10.0 torr. The gas weighed 12.1 mg. What is the formula mass of this gas? 
Ans. Given data: 


Volume of gas = V = 255 cm’ 


BA 
= <> = 0.255 dm’ 


1000 
Pressure of gas = P = 10.0 torr 
oe 0.0132 atm 
760 
Temperature = T = 25°C + 273 = 298K 
Mass of gas = m = 12.1 mg 
~ = 12.1% 10g [I mg= 10" g} 
R = 0.0821 atm dm? mol"! K*! 
Required; 
Molar mass M = ? 
Solution: 
According to general gas equation 
py = Zeer 
M 
= MRT _ 12,110” x 0.0821 x 298 
PV 0.0132 0,255 
= 87.94 g mol” 


Molar mass of gas = 87.94 ¢ mol” 


Q20. _ What pressure Is exerted by a mixture of 2,00 g of H, and 8.00 g of N, at 273 K Ina 10 dm’ vessel? 
Ans. Given data: 
Mass of H; = 2.004 
Mass of N_ = 8.008 
V=10dm’* 


Volume of yas 


ad 


genotar’s 


mmperaure TT 273K A ; 
ee ral gas constant) = 0.082) atm dm? mol” K 
R (ge! 
Required: , 
Pressure ~ F 
ution: 
Seeding to General gas equation 
C 
aki 
, hould first calculate the number of moles of Hz and N; then add them to et total number of moles 
¢ sho 
_ mass ing 
Number mares mol mass 
2.0 
Number of moles of Hh eS 1 mole 
= 89 - 9.286 moles 
Number of moles ofN> = 59° = m 


n= Total moles = 1 + 0.286 = 1.286 


Now we can calculate pressure 


PV =nRT 

oRT _ 1.286 0.0821 x 273 
£ nn) 

28.82 


P = = = 2.88 atm 
lo 


Pressure of mixture of gases is = 2.88 atm 


21. (a) The relative densities of two gases A and B are 1: 1.5. Find out the volume of 8 which will diffuse in the 


same time in which 150 dm’ of A will diffuse. 


ns. Given data: 


Relative density of gas A = dy = 1.00 
Relative density of gas 1B = dy = 1.5 
Volume of gas A diffused = V, = 150 dm’ 
Required: 

Volume of gas B diffused = Vy =? 
Solution: 

According to Graham's law 


re . fay A 


d 
2 ou 
mG, 


Volume of gases diffused is directly related to their rates of diffusion, so 
me of gas A diffused = [Se 
Volume of gas B diffused A 


Y 
Take square of both sides 


a0 


116 
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150° 1s I 


ae 
Mer 027 V2 
‘on both sides. . 
(Vay = 250)" _ 22500 _ 15000 Take square : =) 
1s rs (10) _{ [My 
VV)’ = Vis000 } loam) 2 
XR ol2247 dm: 1 My 
Volume of gas B which will diffuse in same time as 150 dm’ of gas A = 122.47 dm? p 0.07784 2 
> 
(0) Hydrogen diffuses through a porous plate ate rate of 500 cm! per minute at 0°C. What Is the rate Of diffusion Ms = Do77qq 7 25:7 Bmol 
of oxygen through same porous plate at o°c? x ! r a 
ane E Molar mass of gas A = 25.7 g mo 
Volume of a gas diffused 1s directly proportion to its rate of diffusion so Vy, can be written as Tu, = $00 cm | late the number of molecules and the number of atoms In the given amount of each Bas. 
Molarmass of Hy was = 2 g mol"! = My, | qa ee of CH, at 0°C and pressure of 700 mm of mercury. 
Molar mass of O; gas = 32 g mol"! = Mo, De aaa aR a aoe 
' 2 } Give! = 
Required: nae ; | eee 
fo, =? pressure oF CHe gas = 700 mmof Hg = > =0.92Fatm 
P Solution: ‘ =0921 aim 
: sno anl 
According to Graham's law, i | Volume of gas = 20cm =0 #2 dm 
iu, ™ | Temperature = 0°C+273=273K 
rn R= 0.0821 atm.dm*.mol"! K 
r 
: ; Required: 5 F 
500 faz : Number of molecules of CH, = 
e : ra V2 | Number of atoms =? 
500 — : : 
4 ee og vie 


To calculate the number of molecules or atom first thing is to calculate moies (n) 
PV =aRT 
PV 0.92 


| " RT” 0.082 
| 


0, = 125 
Rate of diffusion of O, is 125 cm 


=8.2* 10" mol 
No. of molecules = No. of moles * Ny 


s 


?/min from porous plate where H, diffuses at 500 cm? / min 


= 8.2 « 10 x 6.02 « 10 
{c)__ The rate of effusion of an unknown gas A through.a pin hole is found to be 0.279 times that of H, through | = 494 x AP; molecules 
same pin hole. Calculate the molar mass of gas A. As one molecule of CH, has atoms = 5 : 
4.94 = 10” molecules of CH, have total atoms = 4.94 = 10° « § 
Ans. Given data 


= a x 192! 
Relatiye rate of effusion of Hydrogen = Tu, = 1.00 } =2.47* 10" atoms 9 10” 
Relative rate of effusion of gas A =r, = 0.279 Total molecules of CH, = 494 x a4 
Molar mass of Hydrogen gas = My, = 2 g mol”! . | ‘ Total atoms in those molecules = 2.47 x 10"'atoms 
\ ty } 
Required: (b) 1 cmof NH, at 100°C and pressure of 1.5 atm. 
Molar mass of gasA=M,="% 


P Ans, $ 
Solution: Given data; 
According to Graham's law 


: Volume of gas = V =| mi=1-cm' is 
hy, im = 0.001 dm \ 
My, k 

\ 


Pressure =P=1.5 atm 
Temperature =T = 100°C + 273 = 373K 
R = 0.0821 atm.dm‘.mol”! K 


Required: 
Number of molecules of NH, =? 
Total number of atoms =2 
Solution: 


Firstly, we will calculate number of mi 


haves like a real gas. 
‘oles (n) by using general gas equation } w= Os * a= 4.17 atm dm‘ mol 
PV = =nRT } b = 0.0371 dm? mol” 
a = = se i 
x * = data: ein 
= 4.89 x 10 moles : fase oer of moles of NH; = n= 2 moles 
No. of molecules = no, of moles = Nx . Volume of gas = V = 5 dm 
} = 4.89 x 10° « 6.02 « 10° p 


= 2.95 x 10’*molecules 


=T = 27°C +273 = 300K 
Temperature 
One molecule of NH, contain atoms 


’ 
| R= 0.082! atm dm‘ mol! K 
-4 . 


2.95 » 10" molecules of NH, contain atoms = 2.95 x 10!" x 4 ired: 
= 20 Require’: 
= 1,18 x 10” atoms Pressure = P=? 
; Total molecules = 2.95 « 10" molecules } When : 
Total atoms = 1.18 « 10”’atoms rh Gas behave ideally 
| oe ves like a real gas 
Q23. Calculate the masses of 10” molecules of each of Hy, O, and CO, at STP. What will happen to the masses of (ii) Gas behaves : 
= gases, when the temperatures of these gases are increased by 100°C and pressure is Gecreased by 199 | en wien ideally they follow general gas equation i.e., 
« : : | pV =nRT 
BY ART _, 0.0821 300 
A CN a 
Molar mass of Hy g 852 win 
Moiar mass of O =32z mer! j Ideal pressure = P 32 ater 
= Molar mass of COs =44 2 mol! } ii) Solution: , oe 
Required: oe : | ae gases behave non-ideally they follow van der Waal's equation i.e 
Mass of Hs te : 
Mass of Oy y (po? evn) =nRT 
Mass of CO; ve 
Solution: : n’a oRT 
“ oF molecules = number of moles * Ny P+ ve = (V—nb) 
nRT__n’a 
oe No. of unolecules Pwo 
Theretore, } 20,0821 x300 : 2 4.17 
mass in g } $- 2(0.0371) (6y 


49.26 16.68 
(a) Mass in g for Hy; = ee ee 


4.9258 25 
| Real pressure = 10.01 - 0.6672 = 9,34 atm 
(b) Mass in g for O, a Ideal pressure = 9.852 atm 
or CO 133-102 ‘ 7 | Real pressure = 9.34atm - — 

(¢) Mass in y for CO, 6.02 10°" * 8g | ) Also calculate the amount of pressure lessened due to force of attraction at these conditions of 
Effeet of temperature and Pressure: Both temperature and Pressure effect the volume and not the mass, temperature: 
Therefore by changing any of these parameters no effect on mass is observed, \ 

Massof H, = 3.32 » 10g | Ams. Given data: 

Mass of O, = 5.31 x 10% As calculated in (a) 

Mass of CO, = 7.31 « 10g 


Ideal pressure = P, = 9.852 atm 
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4 Real pressure “= P= 9 34 atm “ 
Required: | 
Pressure lessened = P =”? , 
Solution: 
Pant~ Poa se P fampre (1) ing 2 volume of 10dm’ is enclosed in a vessel at OC and the pressu 
Pp = 9,852 - 9.34 ee 
P’ = 0.512 atm } ose cae Is maintained at 273K. 
(c) Do you ex, the sa } 
semnpatatine of eye ime decreases of pressure for two moles of NH, having a volume of 40 dm ; aa Lverpariot otgseV, = \odm? 
Ans. Given data: inital temperature = T, - 0°C +273 =273K 
Moles of NH; =n=2 moles initial pressure = P, =2.5atm 
Temperature = T = 27°C = 300K | Final pressure = P, = 2atm 
Volume of gas = V = 40 dm’ Final temperature = T, = 273K 
RK 0.0821 atm dm‘ mol”! K™' 
' Required: | Required ay volume = V, =? 
(i) Paes: k 
an) Pro 
Solution: . ua the copa constant(T, =T,), 
. i i cable 
@ Ideal ee Fy | Boyle's peas (at content T and n) 
=n ie: ; 
Pp = ORT V5 PM 
Vv | 
7 2 0.0821 » 300 
0 } : 
= 123 aim Volume of the gas = 12.5dm” Answer 
(ii) Real pressure: Example (2) 
pa ct ate | 
V-nb V volume of the gas at low temperature. 
By applying values 
~ ; 4s 0. 082 +» 300 x47 | Ans. Given Data: . . : 
p= — =~ ] Initial Volume = V, = 250cm’ = 0.25dm 
40-20.0371) (40) eT 0 = 
Initial Temperature = T, = 127°C + 273K = 400K 
p= 49.26 16.68 Final Temperature = T, = -27°C + 273K = 2461K 
39.92 1600 Required 
P= 1233 - 0.010425 Final volume 
P= 122 amr | Solution: 
(ili) Pp Pasesi ~ Pres | 
1.23 ~ 1.22 = 0.01 atm | 
; We can compare the lessened pressures in both cases and find that greater volume of 40 is dm' in more suitable 


for ideal behaviour as compare to 5 dm’. As greater yolume lessened the forces of attraction: 
Lessened pressure in first case = 0.512 aim 
Lessened pressure in second case ~ 0.01 atm 


OO 


0,25dm’ x 246K 


400K 


SOLVED EXAMPLE 


ind until the new pressure is 2 atmospheres. What will be the 


250cm" of Hydrogen Is cooled from 127°C to -27°C by maintaining the pressure constant. Calculate new 


= 0.153dm’ = 153cm’ 


Volume of the gus at low temperature = 153cm’ Answer 


¥e is 2.5 atmospheres, This gas is 
New volume of this gas, if the 


‘ 
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4° Example (3) 


sit Given Date: gec +273 + 273K 
ate potirndres Nitrogen gas is enclosed In a vessel of volume 380cm! at 120°C and pressure of 101325Nm? ) Temperstury = 2atm 
rred to a 10dm’ flask and coolec to 27°C. Calculate the pressure in Nm” exerted by the gas at 27°¢ “Tha Pressure 


Ans. Given Data’ 
initial pressure = P, = 101325Nm? 
Initial volume = V, = 380cm? = 222 - 0.380dm’ 


peal sity d=? 


Jation 2: 16gmol 
1000 ae gee Saatiamdm K"! mol" 25K 
Initial temperature = T' = 120°C + 273K = 393K d7RT 0 0821 atmdm Ko mi 7 
Final temperature = T; = 27 + 273K + 300K acl 427gdm 
i Final volume = V; = 10dm’ ensity = d= 1.427gdm” 
; Required: a increase of pressure has increased the density of CH. The density has almost doubled by doubling th 
Final pressure = ? c ure the Reason 1s that increase of pressure make the molecules to come close to each other | iid 
Solutio pee 
f - f 
¢ BY, _ PV; te (5) 
L 7 = _ = | OO astute mass of 1dm’ of NH, gas at 30°C and 1000mm Hg pressure, considering that NH, is behaving ideally, 
{ R= EM, x J. ans Given Date: 1000 
h T pressure = P = 1000mmHg = Fe = 1.31Satm 
‘ p, = 101325Nm7 <0.38dm’ «300K - | Volume = V = 1dm 
393K x 10dm’* ‘ a Temperature = T= 30°C +273 = 303K 
= 2938Nm™ | Molar mass = M = 17's! 
‘ P. 2938Nm* 
ressure = im Answer Req’ iret ofthe gas=m=? 
Example (4) } a 
Calculate the density of CH, ,, at o°C and 1atm pressure. What will happen to the density if (a) temperatures | Solution 
= 
increased to 27°C, (b) the pressure is increased to zatm at o’C. Formula 
EEE R= 0.082 1atm dm Kx’ mot! 
Ass. tres Data 6 =273K Putting values along with units 
Fompetuiec! hepa eT OC Ssh 2 | : 1.31 Satm x Idm'atm «17g mot | 
Pressure = P= lam P Mass of NH; = m = ——— ——— = = — 
Molecular Mass of CH, = M = 12 +4 = 16 g mol” 0.082latm dm’ K | mol ¢ x303K 
Gas constant = R = 0.0821 dm’ atm K" mol Simplifying the units 
Mass of NH, = 12/521 %17 _ 9.997 b 
= Density of the gas = d=? | ass of NHs = "9 9g21x303 0/8 \ 
Mass of NH; = 0.907g Answer 
Solution: | Formula | example (6) ; 
aa | There is a mixture of H;, He and CH, occupying @ vessel of volume 134m? at 37°C and pressure is tatm. The 
RT masses of H, and He are 0.8¢ and 0.12g respectively. Calculate the partial pressures in torr of each gas in the mixture. 
ee SO —_— maw o_o ee 
Purnng values : ee 
atm 16g mor q jiven Data: ; 
é=- — aK I Volume of the mixture of gases = 13dm 
0.082 tatm dm’ K* mot" « ' Temperature of the mixture = 37 + 273 = 310K 
Semph fying the ants Pressure of the mixture = atm 
i+ 16 3 Mass of H. = 0 8 
4 Span «3 I Mass of He = 0.12g 
= 0 713g? Required: 
4= 07 13igta’ Aaswer | Pastial pressure of H; =pH; =? 


ie means thar under the goves comditicm Ide’ of CH, gos has 2 mass of 0 71 i8gden” Partial pressure of He = pHe =? 


Partial pressure of CH, = pCH, =? 


HEMISTRY — XI (Subjective) 
STAPH 3 yy, gcholae’s cl 
Solution: 


First calculate 


4 
s the total number of moles Present in the mixture of gases by 
Since 


applying the general 288 equation 


ing square on both sides F ps es 
PV =nRT . ies (4) [ M, | 7: 
PV 1) TW? . 
ay 1 2) 
"RT . 
Purting values along with the units and simplifying 


ae | atm x13 dm? 


= 1 POR Fee Dara = 2 =32gmo!' 
0.0821 dm’ atm K~' mol" 310K M, = 16 x ei 


‘mo! « ‘When the gas is ideal (ii) When the gas is non-ideal 
a = 0.03 
Molar mass of He 4gmol™ les 


oa dm® mol” b = 0.0428dm’ mol" 
a= 2.253atr Ee ee 
Number of moles of CH, =0.51 - 0.4 - 0.03 = 0.084 
Mole fraction of Hz (Xs) number of molesof H, 0.41 


ye 
\ 
Data 
ee = 9MO _ apy ans. GWven Mole of CH, = n= I mole @! 
total number of moles 0.51 ° j SS 


n gas = 32gmol' Answer = 
= 0.51 moles + Molar Mass of unknown ga: 
Since, the total number of moles of H;, He and CH, = 0.51 moles } = = : , 
Number of moles of H, =—Mass of Hy ____0.88 40mole Fample (8) mole of methane gas is maintained at 300K. Its volume is 250¢m?. Calculate pressute exerted bythe eas 9 ( 
Molar massof HH, 2.0gmole’ ialowine condition 
nder & 
Number of moles of He = —Mass_of He 0.128 


Volume = V = 250em>=0.25dm’ ik Sotceh 
number of moles of He 0.03 [Idin* = m” | 


Mole fraction of He (Xj) 


=T=300K 
total number of moles 0. Temperature 


5 
Mole fraction of CHu (Xcw) = “umberofmolesof CH, _ 0.084 _ 4, 
total number of moles 0.51 
(Being a ratio mote fraction has no units) 
ot Partial pressure of H:(pH;) = Xz P 


= 0.776 * 1.00 = 0.776 atm 
= 0.766 * 760 = $89.76 torr 
Partial pressure of H, (pHe) = Xie P 
= 0.058 = 1.00 = 0.058 atm PV =nRT 
= 0.058 « 760 = 44.08 torr aRT 
Partial pressure of CH, (pCHs) = X cus P 


| 
: 

es 
| 


Gas constant = R = 0.0821dm’ aim” mol b xX 
a = 2.253atm dm’ mol 
b= 0.0428dm’ mol! 
ae sre exerted by the gas 

(i) When the gas is ideal 

(ii) When the gas is non-ideal 
Solution 
() When the gas is ideal, general gas is applied. 


_ Imole x 0.082 1dm'atm K~! mole”! x 300K 
= = 0.164 x 760 = 124.64mm of Hg Answer : = 
Example (7) 


0.25dm* 
ies age iti essure would have been exerted 
250cm’ of the sample of Hydrogen effuse four times as rapidly as 250cm* of an unknown gas. Calculate the ICH, gas would have been ideal, under the given condition, 98.Satm. pressure woul 
molar mass of unknown gas. z 


(i) When the gas is behaving as non-ideal, van der Waals’s equation. 


Ans. Given Data s 


Rate of effusion of unknown gas (r= 1 
Rate of effusion of hydrogen Bas =) = 4 
Molar mass of hydrogen Bas = My = 2g/mol" 


2, tid 
(re) (V -nb)=nRT 
ay 


By rearranging the equation and taking the pressure on LHS 


: 
Required: 

Molar mass of unknown gas = M,= ? 
Solution; Formula 


fo | M 
§ Myr 


~Veah vy 
Putting the value : 


Chapter 3 Garg, 
" 
pe | 0.0821 x 300 24.63 2.253 


0.25 — 1 (0.0428) ~ = 0.207 ~ 0.0625 
P= 118.985 - 36.048 = 82.85atm 


In non ideal Situation the pressure has lessened up to 
= 98.5 - $2.85 = 15.65atm 


Additional Questions 


a Atmospheric pressure on the top of Mount Everest is = 
323 mm Hg. Convert this value to Pascals and ~ 
atmospheres. z 


| 


101.325 Pa 
265mm Hg x ——"" "4 _ 3.5310! 
gx 760mm Hg 3.53 10° Pa 


latm 


265mm Hg x = 0.349atm 


H, is a non-polar 8as experiencing weak intermolecular forces. By applying the pressure, these weak forces can 
become strong enough at very low temperature where gas can be converted into liquid. Hence, critical 
i temperature is low. 


Important Previous Board Questions 


Justify that Icm’ of H, andicm? of CH, at STP will have same number of molecules although ofe molecule of 
CH, is8 times heavier than that of hydrogen. . 
Gases deviate more from the general gas equation at 0°C and deviate to less extent at 100°C. Why? 
Why the volume correction is done by van der Waals? 
Greater the temperature of the gas, closer the straight line of P versus 1/V to the pressure axis. Justify it. | 
Why gases do not settle down in a vessel? 
Why regular air cannot-be used in divers tank? 
-273.16°C is regarded as the lowest possible temperature. Justify it. ‘ 
Gases deviate from ideal behaviour more significantly at high pressure, why? 
Density of a gas is related to pressure and temperature of the gas. Justify it. 
What is Compressibility factor? What is its value for ani Ideal Gas? 
What is the retation between kinetic energy, temperature and state of matter? 
One mote of H, and O, have same number of molecules. Why? 
What is elastic collision? Give an example. 


For Answers study Scholar's CHEMISTRY (Objective) XI 
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chapter 4 


Differentiate between Intramolecular Forces and Intermolecula 


t Forces 
| ——__fitettroe —— forces 
© Those forces which are present between two 


molecules are called intermolecular forces, 


Intramolecular forces 


Those forces which are present within the 
Jecules between atoms are called intramolecular 
mol 


forces. 


& 
Nature of substance is determined by © State of a substance (solid, liquid and as) is 2 
. intramolecular forces. determined by intermolecular forces, \ 
Chemical properties of a substance are related to * The physical properties of a substance are related to \ N 
its intramolecular forces. its intermolecular forces. ¥ 


These are comparatively strong forces. These are relatively weak forces 


Examples 
(i) Dipole-dipote forces 

(ii) Dipole-induced dipole forces 
(iii) London dispersion forces 
(iv) Hydrogen bonding 


Covalent bonds act‘between atoms. ————— 


fonle bonds act between ions (cations and anions). 
Metallic bonds act between positive ions and electrons. 
Hydrogen bonds act between polar molecules. 
dipole-dipole interactions act between polar molecules. 
van der Waals’s forces act between all molecules. 
SS SS SS 
Dipole-dipole Forces 
“The attractive forces present between the Positive end of one molecule and the 
negative end of another polar molecule are‘called dipole-dipole forces,” Dipole: Partial separation 
Examples: of charges on a bond 
() In HCI molecule, both atoms differ in electronegativity. Chlorine being more between two atoms or a 
tlestronegative, develops the partial negative charge and hydrogen develops the partial polar molecule is simply 
Positive charge. So, whenever, molecules are close to each other, they tend to line op. called a dipole 
3 8 8 5 8 8 j 
H—Cl H Chem cl | 
However, thermal energy causes the molecules not to have a perfect alignment 
(ii) In CHCl, molecule, dipole dipole forces are present between hydrogen atoms of one 
molecule and chlorine atoms of other molecule. 


Examples 

() Covalent bond 

ii) lonic bond 

(iii) Coordinate covalent bond 


Dipole - dipole forces Present in HCI molecules 
and chloroform (CHCI,) molecules. } 
Factors affecting dipole-dipole forces 


: } 
(i) Electronegativity difference 
Greater the electrone; 
(ii) Intermolecular distance 
The distances b 
liquids, these forces are 
‘ Important Points 
. 


‘galivity difference between bonded atoms, greater will be the dipole-dipole forces, i 
tween molecules in the gaseous 


phase are greater so these forces are very weak in this Phase |, | 
freasonably strong ‘ 


These forces are present between polar molecules. 
. 


These forces are approximatcly 1% as effective as a covalent bond, 

Greater the strength of these dipole-dipole forces, greater are the values of thermod: 
Points. bouliig points. heats of vapourization and heats of sublimation. 
Dipole-induced Dipole Forces (Debye Forces) 

“The attractive forces pi ‘sent between permanent dipole and induced dipole are called dipole- 
forces or Debye forces.” . 


- .B. In a mixture of HCI and Ne, Debye forces are present between molecules. | 
Explanation 


lynamic parameters like Melting 


induced dipole 


Sometimes, we have a mixture Of substances contait 
molecule attracts th i 


molecule and both molecules become di 


Permanent 


Induced 
polar nolecuie 


Non-polar 
molecule dipole dipole 


Permanent 


Fig(4.2) Dipote-induced dipole interactions } 
London Dispersion Forces (Instantaneous Dipole-induced Dipole Forces) 


“The attractive forces between the temporary dipole in one molécule and temporary induced dipole in an adjacent 
molecule are called London dispersion forces.” 


Discovery 


' 
A Germasr phy 
non-polar molecules 


Explanation 


Ina gas (say He), the electror 
other and they tend to stay as far ap; 
atom, they are pushed away from ea 
any, moment, the electron density of 
other. At that particular instant, the 
then disturbs the electronic cloud of 


sicist Fritz London in 1930 offered a simple explanation for these weak attractive forces between 


ns of one atom influence the moving electrons of the other atom. Electrons repel each 
fart as possible. When the electrons of one atom come close to the electrons of other 
ch other. In this way, a temporary dipole is created in the atom. The result is that, at 
the atom is no more symmetrical. It has more negative charge on one side than on the 
atom becomes a dipole. This is called instantaneous dipole. This instantaneous dipole 
the other nearby atom. So, a dipole is induced in the second atom. 


Instantaneous pole inauced ape 

attractions Between nein arom 

4 induced dipole. The momentary force of attraction created betw 
in 


/ force r Sen INS -antancous dipole and 
This 1S an J instantaneous dipole-induced dipole interaction or London force 
alled insti 


the induced 
dipole is <4 
oints 
Important Pe short-lived attraction because the electrons keep moving s 
o hisay ‘ement of electrons causes the dipoles to vanish as quickly as they are formed. 
is move! ‘ i 
ees forces are present in all types of molecules whether polar or Ton-polar, but the are very Significant for non. ? 
2 Lord On antes like Cl,.Ht,and noble pases (helium, neon, etc) 
polar mole: : 
Factors Affecting the 
weneof electronic cloud ; oO 
wsteeot grid of London frees depends upon the sizeof the electronic cloud of atoms o mks, When he we i. 
aro molecule is large then dispersion becomes easy and these forces become more prominent . 
he al te 
of Vill A (Noble Gases) : ; @ 
a ents of the zero group in the periodic table are all mono-atomic gases. Their boiling points increase down the 
be spas helium (-268.6°C) to radon (-61.8°C). The atomic number increases down the group and the outerryst 
uve A ioie away from the nuclei. The dispersion of the electronic clouds becomes more and more easy So the b 
a ability of these atoms go on increasing as a result, London forces become stronger 
pou! yy 
VILA (Halogens) ; : 
hore halogens are non-polar diatomic molecules, but there is a vw 
big difference in their physical state at room temperature. + crwovnal He \ 
Feine is a gas and boils at -188.1°C while iodine is a solid at (eatogene| 208.6 > 
room temperature which boils at +184.4°C. The polarizability of 
iodine molecule is much greater than that of fluorine. 2 2 
5 
(ii) Number of atomsina molecule: « ; re é 
Greater the number of atoms in a molecule, greater is its ro] 3 { 
polarizability and hence stronger will be London forces. & 2 — 
¢ Saturated hydrocarbons (Alkanes) “| saa |rs23| |S s 
Compare the length of the chain for ethane (C,H) and PF, | | 3 1 
F - ° | | 
hexane (CcH\,). They have the boiling points 88 6°C and 5 | 18a | 407i} | 8 
68.7°C respectively. This means that a molecule with a large a y 
chain length experiences stronger attractive forces. The reason is ak ae At | 
that longer molecules have more Places along its length where - 
they can be attracted to other molecules. ‘ 
Boiling points and physical states of some hydrocarbons ey 
ji °C(latm) 
ime B.P °C(latm) Physical state at B.P °C(la | state at STP 
STP 1 Liguid 
[ Methane [161.3 | Gas] _Pentane %6 , 
om = ee ; 
| Propane _| “42.1 Gas Decane Sohd 
[Butane [05 Gasser 27 
ev change from gaseous to 
: 4 > . e hydrocarbons. they « 
Wis very interesting to know that with the increasing molecular mass of these hydroc 


liquid and then finally become solids. 


tate of a substance depends upon strength of inter molecular forces. 
London forces in them. Hexane has large chain length. So it experience: 
Thus it exists in 


liquid state. On the other hand ethane exists in a gaseous state 
London forces 


Hydrogen Bonding 

“The electrostatic force of attra 

the electronegative atom (F. O, 
The electronegative atoms res; 
chlorine. The stren 
Examples: 
(i) Water (H,0) 

In caSe of H. 

hydrogen, so water is 


Alkanes are non Polar 4, 
S stronger attractive foree’ 
because it experiences Weal 


ction between hydrogen atom (bonded to a small highly electrone; 
. N) of another molecule is called hydrogen bonding.” 

ponsible for creating hydrogen bonding 
ath of hydrogen bond is generally twenty times less thi 


galive atom) and 
° 


are fluorine, oxygen. nitrogen 
an that of a covalent bond 


lement as compared to A hydrogen bond is 3 

ipole-dipole- interactions . Comparatively Strong 

i intermolecular attraction 

between: 

*®an electron deficieny 
hydrogen atom, H™ on 
one molecule. 

© a lone pair of electrons 
on a highly 
electronegative atom of 
F, O of N on another 


charge. Both the hydrogen 
their small sizes. The Oxy 
covalent bond with hydrogen using one of its lone pairs of electrons. 

Thus, loose bond formed is definitely stronger than simple dipole-dipole interaction 
Because of the small size of hydrogen atom, it can take part in this type of bonding. This 
bonding acts as a bridge between two electronegative oxygen atoms. 


108 fone 
Ve H° 


molecule. 
- yo NS 
é Z 
5 6 
3 / \y , 
6 NB 
H—0 o—? 
~ \s 4 
Hydrogen bonding in water 
(ii) Hydrofluoric acid (HF) 
The molecules of HF join with each other in a zig-zag mune: 
; oN 
120° 
(Ill) Chloroform and acetone 


In case of chloroform, three chlorine atoms are responsible for H-bonding with other molecules. These atoms 


deprive the carbon atom of its electrons and the partial positively charged hydrogen can forma Strong hydrogen bond with 
oxygen atom of acetone. 


Chapter 4 (Liquids & Soticy 
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° 


Cl 


Pa 


| of oe é— 


ob ed 


Hydrogen bonding between 
chloroform and acetone 


‘ammonia (NH, ) 


(w) so observe hydrogen bond between hydrogen atom and nitrogen atom 


| ia ammonia WE al: 


a Ne t 
4” a ee % / 
I , | 
ra I\ 5 IS; 
‘ 
Hydrogen bonding in NH, 
" Why HF is a weaker acid as compared to HCI, HBr and HI? —=—=———=—==== 
= strength of an acid depends upon the extent of its ionization. The low acidic stren; 
} eal seep to HCI, HBr and. HI is due to the strong hydrogen bonding in HF molecules. As the partial 
poe 


harged hydrogen is entrapped between two highly electronegative atoms so this acid do not ronizes ¢ 
¢ 
in water and hence HF becomes a weak acid. 


iBth of HF molecule as 


positively 
omipletely + 


a 
VY 


0) In the hydrogen bonded structure of HF which is the stronger bond, the shorter covalent bond or the longer 
hydrogen bond between different molecules? 


| Ans, Structure of HF: 


F 
(i) The intermolecular forces between the molecules of HF are hydrogen bonding. ‘ 

(il) The intramolecular forces within the molecule of HF are covalent bond ae 

Since, the strength of hydrogen bond is generally twenty times less than that of . a . 

covale bond is a stronger bond than\the hydrogen bond between the molecules of H 


Ca Tr ae PRON er ms 
| Q:12' How does hydrogen bonding explain the following indicated properties of the substances 


(Structure of DNA (ii) Hydrogen bonding in proteins 
(il) Formation:bé ice and its lesser density than liquid water 
liv) Solubitities of compounds 


1. Thermodynamic Properties of covalent hydrides: 
Hydrogen bonding (exists in the compounds) influences the Physical properties like 
melting and boiling points. Let us compare the physical Properties of hydrides of 


zroup IV-A. V-A.VI-A, and VII-A. The graphs are plotted between the period 
swumber of periodic table on X-axis and boiling points in centigrade on Y-axis. 


* —Botling points of hydrides of IV-A group have low boiling points as compared to 
those of group V-A, VI-A and VII-A. The rea 


electronegative CH, has lowest boilin, 
and its polarizability 15 least 


son is that these elements are least 
Z point because it is a very small molecule 
* When we consider the hydrides of group V-A, VI-A and VII-A, then NH;, H,O 
and HF show maximum boiling points in the respective series. The reason i 
enhanced electronegative character of N, O and F. Th 
at room temperature but HLS and H,Se are gases. 

© = The boilin 


s the 
fat is why water is liquid 


S to be more affected by hydrogen 
is more electronegative than oxygen. 
HF to be stronger than that in water 
e: e i hould be higher than that of H;0. 
However, v t fluorine atom can make only one 


le as it has two hydrogen atoms and 


two lone pairs on oxygen atom Ammonia can form only one hydrogen bond per 


molecule as it has only one lone pair. 
The boiling point of HBr ts sli; 
chlorine is electrone; 
thought that HCI has 
case 


—4 : 
ightly higher than that of HCI. It means that 
walive enough to form a hydrogen bond. Sometimes it is 
a strong dipole-dipole forces but in reality, it is a borderline 


¢ The hydrides of fourth Period, ie. GeH;, ASH, H;Se, HBr show greater 
boiling paints than those of third period due to greater size and enhanced 
polarizabilities ? 
2. Solubility of Hydrogen Bonded Molecules 


Water 1s the best example of hydrogen bonded system. Ethyl alcohol 


(CHO) also has the tendency toeform hydrogen bonds. So éthy! alcohol 
can dissolve im water because both can form hydrogen bonds with each other. 
© Carboxylic acids are soluble in water, ‘if their sizes Ste Smiat They form 
hydrogen bond with water molecules and thus dissolve. <-> ons Bai he 
Hydrocarbons are not soluble in water at all, because they are non-polar 


compounds and there are no chances of hydrogen bonding between water and “ 
hydrocarbon molecules " sir 
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13; 
gcholat 3 


iii) *,H,OH) both molecules have -OH groups so both compounds sh, 
‘and ethanol (CyIIs sho’ 
e 


W hydrogen bonding 
, Wat Ives lke, so ethanol can mix in water in all proportions due to the formation o hydrogen bond with 
As like oe RyaroEe bonding between water and ethanol is, 
other. 
each fice Hydrogen bond Oxygen atom 
re o' 
structu! 


f water have tetrahedral structure. Two lone pairs of Covalent bona 
es 0 


© Hydrogen atom 
om occupy two corners of the tetrahedron. In the 


nm oxygen at 


s cules are extensively associated with each other se 5 
Jectron’ oe molecules are ively i NN 
jiquid state, Se ibns break and are reformed because the molecules of * ° 
i 
hese assoc 
and U e 
water are sent 
atin ° on 
Dens rature of water is decreased and ice ty formed then 
when rabeve more regular and this regularity extends throughout 
les 2 
molecu! 


ture. Lmpty spaces are created im the tire That ay 


whe whole wae? freezes it occupies 9% more space and us density 
why es result is that ice floats on water 
deereases 
i: like structure . 
owen i Fa diamdnd because each arom ot nN . 
a c t like that of a diamdnd bec 
cture OF ice Is Just 
[he structul 


en of a wi 


a diamond is at the centre of tetrahedron just Ike the « 
carbon in dia i 
water molecule in tee. , 
2 Aquatic life under the ice ; | J — 

er density of ice than liquid water at 0 causes water in ponds . — . " 
i reel 10 freeze from surface to the downward direction Water attains 
Oe ears of 4°C by the fall of temperature in the so 
eee ec further cold, the water at the surtace 

Imosphere becomes furtl 5 ; ; 
ra sean dense. This less dense water below 4°C stays on the top of Se aoe a AK sy 
sas warm water undemeath. A stage reaches when it freezes. This . 
Tes of ice insulates the water underneath for further héat loss. Fish and | 
sans survive under this blanket of ice for months. In short we can say . seit 
ui 

othe pattern of life for plants and animals would have been totally : 
different in the absence of hydrogen bonding in water. 


(ii) In avery cold winter the fish in garden ponds owe their lives due to hydrogen 
bonding. 


Ans. When water freezes below 0°C, the ‘ice formed Stays at the surface due to its 
lesser density than water. When a compact layer of ice is formed on the surface, 
it serves as an insulator and prevents the further heat loss from water below it. 
As a result of that water below this layer of ice exists as a liquid at4°C . At this 
temperature of liquid water, fish and plants can survive easily below frozen 
water. This is how fish and plants can survive under frozen water. 

4, Cleansing Action of Soaps and Detergents : 
The cleansing action of soaps and detergents is due to hydrogen rel by ie : xe 

is that polar parts of their molecules are water soluble (hydrophilic) ors Hatickt ees, 

bonding and the non-polar parts remain outside water because they are alky \ fw : 

Portions and are insoluble in water (hydrophobic). ; ae, 

5. Hydrogen Bonding in Biological Compounds and Food materials Teste 

Hydrogen, bonding exists in the molecules of living system. Micra tes consist of 

Pant of living organisms. Fibres. like those found in the hair, silk an 


Hydrogen bonding n protein 


Pat a. ae 
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fong chains ‘ 
Ths ri f amino acids These long’chais are coiled about one another in a spiral 
1 Piral ty called a hein. Such a helix may either be right handed or left handed. 
} * H-bonding in proteins 
i ihe fase of right handed helix the groups like >NH and >C = 0 are vertically adjacent 
sei - another and they are linked together by hydrogen bonds. These H-bonds link one 
Pital 10 the other X-rays analysis has shown that on the average there are 27 amino acid 
unity for cach turn of the helix 
° Hydrogen bonding in DNA 


There are two spiral chains in DNA (Deoxyribonucleic acid) which are coiled about each 
‘her on 4 common axis. In this way, they give a double helix. This is 18-20A in 
diameter They are linked together by H-bonding between their sub-units. 


* H-bonding in carbohydrates 


The food materials like carbohydrates include glucose, fructose and sucrose. They all 
have -OH groups due to which hydrogen bonding is present - 


6. Hydrogen Bonding in Paints, Dyes and Textile Materials 


One of the most important properties of paints and dyes is their adhesive action. 
This property 1y developed due t+ hydrogen bonding. Similar type of hydrogen bonding 
makes glue and honey as sticky substances. . 


Hydrogen bonding ty very important in thread making materials like cotton, silk Hydrogen bondit 
i : Hes + ing in 
and synthete fibres tor clothing, This hydrogen bonding is responsible for their rigidit DNA 
and the tenstic strength 4 . saad Sonblahai 


* 
SE > What type of intermolecular forces will dominate In following liquids? 
Ans. — (i) Ammonia, NH,: 


: Hydrogen bonding. 

{ii) Octane, C,H,,: London dispersion forces. 
{iii) Argon, Ar: London dispersion forces. 

{iv) Propanone, CH,COCH,: Dipole-dipole forces. 

{v) Methanol, CH,OH: Hydrogen bonding. 


Propanone (CH,COCH,), propanol {CH;CH,CH,OH) and butane (CH,CH,CH,CH,) have very similar relative 
molecular masses. List them In the expected order of increasing boiling points. Explain your answer. 


Ans. Boiling point | 
“The temperature at which the vapour pressure of a liquid becomes equal to external pressure is called boiling 
point of that liquid ” } 


Order of boring points 1s 
Butane < Propanone < Propanol 
4) Butane is non-polar and it has London dispersion forces. } 
(.)  Propanone has dipole-dipole forces. | 
(i) Propane! has hydrogen bonding } 
The strongest intermolecular forces are hydrogen bonding and weakest are London forces, so order of 
boiling points 1s same as given above. . 


7 5(iv) The origin of the intermolecular forces in water. j 

eee 

Ans. A water molecule contains two hydrogen atoms and one oxygen atom. Oxygen is more electronegative a 
compared to hydrogen, so water is a polar molecule. Hence there will be dipole-dipole interactions between 
partially positively charged hydrogen atoms and Partially negatively charged oxygen.atoms. Oxygen atom has 


} 
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airs and hydrogen has sufficiently partial positive charge. Both the hydrogen a 

g electrical field due to their seal sizes. The oxygen atom of the other nace 
ste covalent bond with hydrogen using one of its lone pairs of electrons ule hnkS t0 for 

Caen bond formed is definitely stronger than simple dipole-dipole interactions and this inte: 

Thu! ‘meracuon 


ogen boNdINE. 
hydro8 EVAPORATION 


“The spontaneous change of a liquid ito its vapours at the 
surface of liquid at a given temperature is called evaporation ” 


Molec 


istics 

aracterist! 

cnrrtace phenomenon 

U) The molecules of liquid are not motionless. The energy of molecules is not equally distributed The m 


w kinetic energy move slowly while others with high kinetic energy move faster raed 


; elo " t W one of the high speed 
wich bid Teaches the surface it may escape the attractions of its neighboring molecules and leaves the bulk ot the han : 
wale und 
qn endothermic process 


Asenergy is required for evaporation which is absorbed from surrounding, so it is an endothermic process 
qt) Continues at all temperature ; 

The process of evaporation continues at all temperatures and liquid continuously changes im vapours 
spontaneously. 

(iv) cooling process she : 
Evaporation causes cooling The reason is that high energy molecules leave the liquid and low energy molecules 
eft behind. the temperature of liquid falls and heat moves from surrounding to liquid and then the temperature of the 
surrounding also falls. 
factors Affecting Rate of Evaporation 
The factors that change the speed at which liquid evaporates are 
1. Nature of liquid: 
The weaker the intermolecular attractive forces in the liquid, the more rapidly evaporation occurs For example, 
dimethy| ether evaporates at much faster than ethyl alcohol. A liquid which evaporate more readily 1s described as 
being the more volatile. 

2. Temperature: 
The rate of evaporation increases with increase in temperature. At higher temperature the fraction of molecules having 
sufficient kinetic energy to escape from the surface increases. This results in the in increase in the rate of evaporation » 
The figure provides the graphic explanation for this behaviour. F 

3. , Surface area of the liquid: : hy 
Evaporation is a surface phenomenon, The high energy molecules from the liquid can go into gas phase only through 
surface. Therefore, greater the surface area of the liquid, the greater is the rate of evaporation 

Heat of evaporation: 
The quantity of heat required to evaporate a given liquid at constant temperature is defined as the heat of evaporation 
or vaporisation . The quantity of heat depends upon the strength of the forces of attraction between the molecules in 
the liquid. Water has a relatively high heat of vaporisation because of the presence of strong attractive forces When 
one mole of water is completely vaporised at 25°C , it absorbs 44.1 kJ of energy from its surroundings 


H,0,, + 44.1 kJ —> H,0,, 


OOO” 
Evaporation causes cooling 


Ans, 
left behind, 
Causes cooling, because when high energy molecules leave the liquid and low energy Ageia icc tetute of 

the temperature of liquid falls and heat moves from the surrounding to the liquid and the| 


{ 
i 
ation 4 
The molecules of a liquid are not motionless. The energy of molecules is not equally distributed. Evaporati ( 
the Surrounding also falls. That is why, evaporation causes a cooling effect 
‘ 


| 


ii) E 


‘vaporation takes place at all temperatures. 
Ans. — Evaporation: 
The spontaneous change of a liquid into its vapours at all temperatures, 


Rate of evaporation is directly proportional to temperature. At high 
molecules increases, so evaporation also increases \y 


2- At low temperature, the kinetic energy of m 


‘s called evaporation 
temperature, the kinetic energy of 
f 


olecules is less, so rate of evaporation SIOWS down 
evaporation continues at all temperatures whether low or high. Tha 


Earthenwar 
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Ae re vessels keep water cool: ’ SS | 
' Ans. — Earthenware vessels are porous. Water rises through these pores by Capillary actiénand eVaporates ath, 
; f 


urface of the vessel. Remaining over water has low energy molecules so its température d: 
earthenware vessels are insulators and do not all 


TOPS. Further, these 
earthenware vessels. 


llow the heat to move in them and hence, water FeMains coo) 
n 


ee 


(v) One feels sense of cooling under the fan after bath, 
Ans. — Evaporation is a cooling process and speed of air increases the rate of evaporation. After bath, a 


thin layer g | 


water is formed on body. When one sits under the 
Increase in the rate of evaporation is facilitated bi 
decrease in body temperature. 


fan, the water gets energy from*body and e 


d ‘VaPOrates 
y speed of air. As a result, one feels sense of cool 


HMB due ty 


APOUR PRESSURE| 
“The pressure exerted by the vapours of a liquid in 


equilibrium with the liquid at a given temperature 1S called 
vapour pressure.” 


Liquid —2==* 2" Vepours 


Explanation 


When the molecules of a liquid leave the open surface, they are mixed up with air above the liquid. If the vessel s 
Open. these molecules go on leaving the surface. But if we close the system, the molecules of liquid stan gathering above 
the surface. These molecules not only collide with the walls of container but also with the surface of the liquid as wel) 
There are chances that these molecules are recaptured by surface of liquid. This process is called condensation. The two 
Processes i.e. evaporation and condensation continue till a stage reaches when the rate of evaporation becomes equal to 
the rate of condensation. This is called state of dynamic equilibrium. 


Dynamic 
A liquid begins Vapours begins equilibrium 
to evaporate to condense established 


oo 20000 

oo 000 

A oes Wlehael Heese 
(a) (b) (c) 


Evapotation of a liquid and establishment of dynamic 
equilibrium between liquid and its vapours. 
The number of molecules leaving the surface is just equal to the number of molecules coming back to it at a constanl 
temperature. The molecules which are in a liquid state at any moment may be in vapour state in the next moment 
Factors on which vapour pressure does not depend 
The magnitude of vapour pressure does not ‘depend upon the: 
(a) Amount of liquid 
(b) Volume of container 
(c) Surface area of liquid 


(d) 


The '- er surtace.area also Presents a larger target for returning molecules, So 
fa oe ondensation also increases 
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schol} 
hich vapour pressure depends 
ors on Vapour pressures of 
pact! ture water 
qutemper? ated temperature, the kinetic energy of molecules is enhanced (torr) at various te 
Avan ae the surface increases, It causes the increase of vapour 
capability so of vapour pressure goes on increasing for the same difference 
ure. ine a 0°C to 100°C for water. There is increase of vapour pressure 
ure. nas 209 torr for change of temperature from 0°C to 10°C. But the 
$79 foam 527 8 torr to 760 torr when temperature changes from 90°C to 
ase iS “i 
100°C: hn of intermolecular forces : 
(wu) strengt difference in the strength of intermolecular forces in different liquids 
The isi to their vapour pressures at a particular temperature. The 
is directly Na intermolecular forces lower is the vapour pressure. At 
sO Sie has the highest vapuor pressure while glycerol has 
20°C l 
lowest 


mperatures 


580 torr 
442.2 torr 
170 torr 
87 torr 
43.9 torr 
0.012 torr 
0.00016 torr 


Isopentane 
Ethyl ether 
Chloroform 


Carbon tetrachloride 
Water 
Mercury 
Glycerol 


Measurement of Vapour Pressure 


There are many methods for measurement of vapour pressure of a liquid. One of the most important methods 1s 
given below: 
Manometric Method 

It is comparatively an accurate method. The liquid whose vapour pressure is to be determined is taken in a flask 
placed in a thermostat. One end of the tube is connected to a manometer and the other end is connected to a vacuum 
pump. The liquid is frozen with the help of freezing mixture and the space above the liquid is evacuated, In this way, the 
air 1s removed from the surface of the liquid along with the vapours of that liquid. The frozen liquid is then melted to 
release any entrapped air. Liquid is again frozen.and, released. air is evacuated. This process is repeated many times till 
almost all the air is removed. 
Aimospnenc: 


Measurement of vapour pressure by Manometric method 


Now the liquid is warmed in the thermostat to that temmperatare at wel UW. ote 
to be determined. Difference in the heights of the columns of Hz in the Wwo 
pour pressure of the liquid 


flask is 
the vq 


vu pressure ot the fiquid i the 


Junbs of the manometer detcrmmes 


-4 


} 
| 
( 
given by the following equation: Mi, 
P =P,+Ah 
P Vapour pressure of liquid at 1 atm Pressure 
P, Atmospheric pressure 
Ah ~ Difference in the heights of the mercu 


ry levels in the two limbs of the manomete; i 
vapour pressure of liquid, ving us, 


Dynamic equilibrium is established during evaporation of a liquid in a closed vessel at constant 


» When the molecules of a liquid leave the open surface, 
close the system, the molecuies of the liquid start gat 
walls of container but also with the surface 


Ans. Tee 


equilibrium. 


Explain the term saturated vapour pressure. Arrange in order of Increasing vapour pressure: 1 dm? 
dm’ of ethanol, 50 cm! of water, 50 cm? of ethanol and'50 cm’ of ether. 


Ans Saturated Vapour Pressure 
“The process of evaporation in a closed container will proceed until there are as many molecules returns 


to the liquid as there are escaping. At this point the vapour is said to be saturated, 
vapour is called the saturated vapour pressure.” 


* Vapour pressure doesn’t depend upon the amount of liquid. 
* Vapour pressure is inversely proportional to the intermolecular forces. 
Between ether molecules, there are weak dipole-dipole forces and its vapour pressure is high. 


Intermolecular forces in case of ethanol are hydrogen bonding, stronger than dipole-dipole force of ether. That’s whyits | 
vapor pressure is lesser than ether. . 


Intermolecular forces in water are hydrogen bonding which are still stronger than ethanol. 
Hence, its vapour pressure is the least. 

The increasing order of vapor pressure for these liquids is as follows. 

50 cm? of ether > 50 cm? of ethanol = 1 dm of ethanol > 50 cm? of water = 1 dm? of water. | 


and the pressure of tha 


Pressure is called boiling point.” 
Explanation 

When a liquid is heated, the vapour pressure goes on increasing. A stage reaches when the vapour pressurc-of he | 
liquid becomes equal to the external atmospheric pressure. This temperature is called the boiling point of the liquid. The | 
reason for this is that the bubbles of vapours which are formed in the interior of the liquid have greater internal pressurt 


than atmospheric pressure on the surface of liquid. This thing makes the bubbles to come out of the liquid and burst upoo | 
the surface. Thus a constant stream of bubbles comes out at the boiling point. | 


Boiling points of some comman liquids at 760 torr 


[aa] a Ce 
Caan eso 
[Rese [5800 ast | 798 
Naphthalene 218.00 


“The temperature at which the vapour pressure of a liquid becomes equal to the atmospheric pressure/external 
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gcholar 's 


ization 
1 of Vapouriza ; : 
molar aks amount of heat required'to vapourize one mole of a liquid at its boil, point is, ca 


Hed its molar heat of 
yapourization 


jar heat of vapourization of water is 40.6 kJmol' 
, Molar 


Normal volkng pointy 


explanation a liquid is heated, the kinetic energy of its molecules increases and Poy yy | 
ve rature also increases. At the boiling point, the kinetic energy of = T st 
nce te ra pecomes maximum and any further heating at this stage will not |» tne” FE akohes, | ‘| 
the mmoles temperature. This heat will only be utilized to break the a my (ethan | | 
ease vert the liquid into its vapours; i be 
jnnermotecular forces and conve: iq por | “| i 4 


This graph shows that the liquids reach up to their boiling points when 
uur pressures are equal to 760 torr at sea level, The way these curves 

mC is interesting. Water takes start at 4.8 torr while diethyl ether at 
sant es torr. This is due to difference in the strengths of their intermolecular 
around The curve for water goes along with temperature axis to a greater extent 
forces. inning as compared to ether. It means-that water can hardly overcome 
wticts lecular forces at low temperatures. It is clear from the curves that the 
i ae essure increases very rapidly when the liquids are closer to their boiling 
vapour) 


{4-1 -eimvene 
their Val | = 


760 err (sea eh 


700 tort (at Murree w 
Hills) 
ort (at Mount ove 
Everest) 


Boiling points of water at various 
external pressure 


iple 
Pan The boiling point of a liquid is directly proportion to the external 
ure. 
© When the external pressure is high, the liquid requires greater amount of heat 
““foequalize its vapour pressure to external pressure. tn this way boiling point 
is raised. 
© Similarly, at a lower external pressure, a liquid absorbs less amount of heat 
andiit boils at a lower temperature. 


+ A liquid can be made to boil at any temperature by changing the extemal 
pressure. 


Dee of Boiling Point 


Principle 
The working principle of pressure cooker is that: 


“The boiling point of a liquid increases with increased external pressure.” 
Working 


(I) Formation of vapours < 
When a liquid (say H,Q) is heated in a pressure cooker, which is a closed’container, more and more vapours are 
Over the surface of the liquid, exerting more pressure 
Increase in pressure 
e coke ¢ boiling 
vapours are not allowed to escape. In this way, they develop more pressure in the popahech mate 
increases. As, more heat is absorbed in water. So, food is cooked quickly under increased p' 


int of H, 


er temperature and then 
“The process of heating the liquid under reduced pressure to change it into vapours at a lower tempe 


Condensing the vapours to a liquid is called vacuum distillation.” 
Principle 


“The boiling point of a liquid can be decreased by decreasing the external pressure 


4 
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Some liquids with high boiling points may decompose during distillation. In order to boil or 
temperature, pressure is lowered or distillation is carried out under vacuum (vacuum distillation). 
Example 


distil them a loy, 


Glycerin boils at 290°C at 760 torr (I atm) pressure but decomposes at this temperature. Hence, glycerin 
be distilled at 290°C. Under vacuum, the boiling point of glycerin decreases to 210°C at 50.torr. It i 
temperature without decomposition and hence can be purified easily. 
Advantages 
© — It decreases the time for the distillation process. 
* — It is economical because less fuel is required. 


distilled ay, 


¢ The decomposition of many substances can be avoided. 


Boiling needs a constant supply of heat: 


iii) 
Ow When a liquid 1s heated, the kinetic energy of its molecules increases and hence the temperature also increase 


Ses, 
At the boiling point, the kinetic energy of the molecules becomes maximum and any further heating at this stay 


will not increase the temperature. This heat will only be utilized to break the intermolecular forces and conver 
the liquid into vapours. A decrease in temperature at this Stage reduces the rate of boiling. 

“(vii) _ The boiling point of water is different at Murree hills and at Mount Everest: . 

Ans. — The boiling point of a liquid is directly proportional to its external Pressure. As the external pressure increases, 


the boiling point also increases and vice versa. At 760 torr the boiling point of water is 100°C. 


Boiling point of water at'Murree: Since at Murree, the external Pressure reduces to 700 torr so, the Doiling | 
point decreases to 98°C. 


Boiling point at Mount Everest: At Mount Everest, the external pressure is 323 torr so, the boiling point ts also 
less 1.e., 69°C. 
(viii) Vacuum distillation can be used to avold decomposition of a sensitive liquid: 


Ans. Vacuum distillation: “The process of heating the liquid under reduced pressure to change it into vapours ata 
lower temperature and then condensing the vapours to a liquid, is called vacuum distillation.” 


Vacuum distillation has many advantages. . 
(i) Nt decreases the time for the distillation process. 
(ii) ft is economical because less fuel is required. 
(iii) The decomposition of many compounds can be avoided 
Example: Glycerin boils at 290°C at 760 torr pressure but decomposes at this temperature: Hence; Blycenn 


cannot be aistilled at 290°C. Under vacuum, the boiling temperature of glycerin decreases to 210°C at 50 torr 
it is distilled at this temperature without decomposition and hence can be purified easily. 


En ics of P’ Change " 
Whenever, matter undergoes a physical change, ays accompanied by an enegy change. This change in energy 5 
mostly in the form of heat and is the quantitative measurement of the difference in the strength of intermolecular forces 


Enthalpy Change (AH) | 


“Ifa physical or a chemical change takes place at a constant pressure, then the heat change during this process 
called enthalpy change.” 

Type of Enthalpy Changes 

(i) Molar Heat of Fusion (AH, ) 


“itis the amountot heat absorbed by one mole of a solid when it melts into liquid form at its melting point.” The 
Pressure, during the chanye is kept one atmosphere 


é 


eat of Vapourization (4H, ) 
ayy is the amount of heat absorbed when one mole of a li 
2 Se. during the change is kept one atmosphere. 
Heat of Sublimation (4H, ) 
“jt is the amount of heat absorbed when one mole ofa solid subli 
ture and one atmospheric pressure.” 
- All these enthalpy changes are positive, because they are endothermic Processes, 
Nowe that OH, >>H, > OH, , 

oa ce melts then atoms, molecules or ions undergo relatively s) 

When & ae panes also undergoes a small change. But water liquid Pe 
and the elie distances and in potential energy'takes place. So AH of vapourization 
irs The values of AH, are even larger than AH, because'attractive for 
a is. So we can say #7) 
AH, >>AH, > AH, 

The values of AH, and AH, tell us directly the energy needed two separate 
molecules from each other. So from these values, we can compare the strengths of . 
intermolecular forces in different compounds. 

Causes of OH, 

AH, for HzO, NH3 and SO; are reasonably high due to polar nature of 
molecules. AH, for iodine is the highest amongst its family members due to its 
geaer polarizability. Similarly, hexane (CsHs) has the highest AH, value 
amongst the given hydrocarbons due to larger size of its molecules. Actually, the 
London dispersion forces in Iz and CgHis are sufficiently strong and these are 
responsible for such a behavior. 

Change of State and Dynamic Equilibrium 

Whenever, a change of state occurs, the system moves towards the condition of 
dynamic equilibrium. Dynamic equilibrium is a situation when two Opposing changes 
cectir at equal rates. The dynamic equilibrium is the fate or the ultimate goal of all the 
reversible chemical reactions and all the physical changes. 
ice 


. 


a » 
quid. is changed into vapours at its boiling POINL.” The 


molar 


Imes tO give one mole of Yapours at a panicular 


BES IN intermolecular distanc 
es 
then larger changes in 


of a Substance is Sreater than 
Ces in solids are stronger than 
those in liquid: 
Heat of vaporization of 
Some substances 


water 


Heat of sublimation of a substance is greater than that of heat of vaporization: 


Molar Heat of vaporization: “The amount of heat absorbed when one mole of a liquid is changed into vapours at 
its boiling point, is called heat of vaporization.” The pressure during the change is kept one atmosphere. 
When a liquid is converted into vapours, then atoms, molecules or ions undergo small change in Inter-molecular 
distances and potential energy. 
Molar heat of sublimation: “The amount of heat absorbed when one mole of a solid sublimes to give one mole 
of vapours at a Particular temperature and one atmospheric pressure.” - 
When a solid is directly converted into vapours, then it undergoes large change in intermolecular distances and 
potential energy. : ; 
Hence: 

AHs > AHy 
Example: Molar heat of Vgporization of water = 40.67 kJ mol”. 
Molar heat of sublimation of water = 46.7 kJ mol”. 


Heat of sublimation of lodine Is very high: 


ata 
AM. Heat Of Sublimation: “The amount of heat absorbed when one mole a solid sublimes to form vapours 
Particular temperature and one atmospheric pressure.” 
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lodi 


forces are sufficient 


What are liquid 


qi 
ly stronger in iodine (1,). As a result, a large amount of energy is required to sublime ty 


Crystals? Give thelr uses indallylife, 
ee 


“The turbid liquid phase of i ists in i i i 
cevisal™ quid phase of a solid that exists in between the melting and clearing temperature is called j 


‘guy 


Crystal 


Liquid Crystal ———> Liquid 


Discovery 
In 1888, Frederick Reinitzer, 
compound cholestery! benzoate. This compound tums milky liquid at 145' 


Characteristics 


Liquid crystals has both Properties of liquids and crystals (solid). 
Liquids like properties: Viscosity, surface tension, fluidity etc. 
Crystals like properties: Optical properties, molecules have some orderly arrangement. 
Acids In short we can say that the Properties of liquid crystals are intermediate between those of crystals and isotropi, 
jul . 


Isotropic nature . 
A crystalline solid may be isotropic or anisotropic but liquid crystals are always anisotropic. 


Those substances which make the liquid crystals are often composed of long rod like molecules.-In the normal liquig 
Phase, these molecules are oriented in random directions. In liquid crystalline phase, they develop some ordering of 
molecules. Depending upon the nature of ordering, liquid crystals can be divided into 

(i) Nematic (ii) Smectic —_ (iii) Cholesteric 


(i) As temperature sensor : 
Like solid crystals, liquid crystals can diffract light. When one of the wavelengths of white light is reflected from 
a liquid crystal, it appears coloured. As the temperature changes, the distances between the layers of the molecules of 
liquid crystals change. Therefore, the reflected light changes accordingly. Thus liquid crystals can be used as temperature 
sensors. ‘ 
(il) To find potential fallure/as room thermometers 
Liquid crystals are used to find the point of potential failure in electrical circuits. Room thermometers also contain 
liquid crystals with a suitable temperature range. ; Ip in different colours. 
(ill) Medical diagnosis 
Liquid crystals are used to'locate the veins, arteries, infections and tumors. The reason is that-these parts of the 
body are warmer than the Surrounding tissues. Specialists can use the techniques of skin thermography to detect blockages 
in veins and arteries. When a layer of liquid crystal is painted on the surface of the breast, a tumor shows up as a hot area 
which is coloured blue. This technique has been successful in the early diagnosis of breast cancer. - ~ 
(iv) Electrical devices 
Liquid crystals are used in the display of electrical devices such as digital watches, calculators and laptop 
computers. These devices operate due to fact that temperature, pressure and electromagnetic fields easily affect the weak 
mn stals. 


g mol 
(v) Solvents in chromatography 


In chromatographic separations, liquid crystals are used as solvents. 
(vi) Oscillograph and TV displays 
Oscillograph and TV displays also use liquid crystal screens. 


Chapter 4 (Liquids 4 8 
ine (i, | 
12) is @ non-polar molecule. Due to its larger size, it has high polarizability. Hence, London 
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| Among three states of matter i.e. gases, liquids and-solids, the intermolecul: 
) negligible. In liquids intermolecular forces are strong enough to keep the molecules close together 
ecules in liquids are free to move with Fespect to one another. In solids the Particles 

o ee dimensional arrangements. Molecules in liquids are free to move With resj 

} Le es occupy specific locations in three dimensional arrangement 
| re are four types of intermolecular forces i.e. dipole-dipole forces, London dispersion forces, hydroze 
ponding and lon-dipole forces. The relative strengths of dipole-dipole and dispersion forces depend et i 
| polarity. polarisability, size and shape of the molecules, Hydrogen bonding occ: re 


ar attractive forces tn the gases ap 


; Anyhow, the 
cles occupy specific locations 
PECK LO One another In, solids the 


the 


‘UES IN Compounds cont " 
TLN-H,H-F bonds. ie Resid 
The vapour pressure ofa liquid measures the tendency of a liquid to €vaporate. It is the pressure exerted by th 
3) vapours on the surface of a liquid when the rate of evaporation is equal to the rate of condensation A liquid be vi 
ails 


when its vapour pressure equals the external pressure, 
Many crystalline solids melt to give a turbid liquid before melting to give a clear {i 
possess some degree of order and are called liquid crystals. Liquid crystals have the 


optical properties of solids 
SOLVED OBJECTIVE EXER 


Qf, Choose the best answer from the given choices, 
: London dispersion forces are the only forces present among the: 


, quid. These turbid fiquids 


Nuidity of Niquids and the 


| w (a lecules of water in liquid state (b) atoms of helium in gaseous state at high temperature 
(c) molecules of solid iodine (d) molecules of hydrogen chloride gas 
(ii). Aceto, chloroform are soluble in each other due to: 
Intermolecular hydrogen bonding (b) —_ion-dipole interaction 
(c) instantaneous dipole (d) all of the above 


| (iii) +» NH; shows a maximum boiling point among the hydrides of Vth-A group elements due to 
| (a) very small size of nitrogen 


(b) long pairof electrons present on nitrogen 
aeee electronegative character of nitrogen 


(d) pyramidal structure of NH; 


(iv) When water freezes at 0°C, its density decreases due to: 
(a) cubic structure of ice Sea spaces present in structure of ice 
(c) instantaneous dipole (d) change of bond angles 
(Vv) Inorder to mention-the boiling point of water at 110°C, the external pressure should be 
{ates 760 torr and 1200 torr (b) between 200 torr and 760 torr 
| (c) 765 torr (d) any value of pressure 


». Reason +7 


Intermolecular 
Forces 

In H.O, H-Bonding, 

Dipole dipole forces 

and London forces are 


Substance’ 


molecules of water in liquid state 


144 Chapter 4 (Li 

pter luids & 
OS ntntr § (Luis Solis, 
atoms of helium in gaseous state at | No attractive force, 
high temperature 
noegcel tae ; 


have only London, 
forces. 


8 polar 
molecule. So DDF 


and London forces are 
present. 


cH, 
eee ; 
ci—c%_ 48 ra 


of ca. 


Hydrogen bonding between 
chloroform and acetone 


(c) enhanced electronegative | Enhanced electronegative character of nitrogen makes it suitable for hydrogen 
character of nitrogen bonding. It has high boiling point (-33.4 °C) than other hydrides of its group 


except SbH; (B.P = —17°C) 
(b) empty spaces present in 
structure of ice 


Due to hydrogen bonding empty spaces create in the structure of ice. That is 
why greater volume decreases the density of ice. 

(a) between 760 torr “and | Boiling point of water at 760 tor = 100°C 

1200 torr © Boiling point of water at 1489 torr = 120°C 


So boiling point of water at 110 °C requires external pressure between'760 tor 
and 1200 torr. 


(a) Intermolecular hydrogen 6 


bonding 


Cl 


Q2. - Fill in the blanks with suitable words. 
(i) The polarizability of noble gases down the group and results in the increase in their boiling points. 
is developed in acetone and chloroform when they are mixed together. |” 

(iii) Exceptionally weak of HF is due to strong hydrogen bonding present in it. 

(iv) The concept of dynamic equilibrium is the ultimate of all reversible reactions, 

(v) AH, of Ce), should be than that of C;H,. . 
(vi) During the formation of ice from liquid water there is a 
(Vii) The rate of increase of vapour pressure of water 
(viii) A layer of ice on the surface of water 

(ix) Evaporation is a Process, " 
(x) Liquid crystals are used in the display of. devices. 


% increase in volume. 
at high temperatures. 
the water underneath for further heat loss. 
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dicate ‘true’ or ‘false’ as the case maybe. 
Q. ai e-dipole forces are weaker than dipole-induced dipole forces. 
mn) he jon dipole interactions afe responsible fot the dissolution of an ionic substance in water, 
o The high polarizability of iodine is responsible for its existence in solid form and its di 
(i ns. at 
ieee hydrogen bonding in H,S makes it different from water. 
(iv) ¥ rbons are soluble in water because they are polar compounds. 


1) acelin of liquids partially depend upon the extent of hydrogen bonding. . et 


fference from other 


i) ‘The state of eq ium between liquid state and vapours is dynamic in nature. , 
wil) Heat of vapourization of liquids depend upon the intermolecular. forces of attraction Present between thei # 
‘ig 


vi molecules. 
Ice does not show any vapour pressure on its'surface at ~1°C. 


. Boiling point of a liquid is independent of external pressure. 
(a 
Gi) True | (iii) True | (iv) False 
(vii) True (viii) True (ix) False 


ANSWERS 
(v) False 
(x) False 


HORT ANSWERS TO EXERCISE! 
LIQUIDS 


26 (b) All gases have a characteristic critical temperature. Above the critical temperature it is impossible to liquefy a 
gas. The critical temperatures of carbon dioxide and methane are 31.14°C and -81.9°C respectively. Which 
gas has the stronger intermolecular forces? Briefly explain your choice? 


Ans. CO, is a linear molecule whereas CH, is a tetrahedral molecule. intermolecular forces in CO, are stronger than 
CH, although both molecules are non-polar in nature. Both have instantaneous dipole-induced dipole forces. 
‘Critical temperature of gas depends upon the intermolecular forces, shape and size of molecules. Critical 
temperature of CO, is higher than CH, which show that intermolecular forces in CO, are stronger than 
inCH, . In both cases, intermolecular forces are instantaneous dipole induced dipole forces. 


Q7__ Three liquids have the properties mentioned against their names 


Molecular formula 
Relative molecular mass (amu) 


i Boiling point, (°C. 
() What type of Intermolecular force predominates in each liquid? i 
(I) water (Ii) Propanone (ili) Pentane 


Aes.) Water, hydrogen bonding is present. 
(}in Propanone C3H,0O, dipole-dipole forces are present. a 
AM) In pentane (CsH,2), instantaneous dipole-induced dipole forces or London dispersion forces are present. 


-a 


Ans. 


ag 


Chapter 4 (Liquids & Soligg 
(b) What do 


you deduce about the relative strength of these forces in the liquids? Justify your conclusions, = 

Ans. Relative strength of intermolecular forces in water, propane and pentane is = 
Water > Propane > Pentane 

Reason: Boiling point of the given Compounds show 


point of the liquid depends upon the stren 
propane which is 


the relative strength of the intermolecular forces, Boi, 
gth of intermolecular forces. The boiling point of water is hi 
higher than pentane which show that intermolecular forces is the following order 


Water > Propane > Pentane 
(c) If the liquids are shaken together in pairs, 


(i) Which pair would be unlikely to mix? 


Bher tha, 


Ans. Water and Pentane 


(ii) Explain this immiscibility in terms of the forces between the molecules. 

Ans. Water is a polar whereas pentane is non-polar. we Know that “Like dissolves like” So both liquids are invincible = 
(iii) Choose one of the pairs that mix and say whether the enthalpy change on mixing would be positive or negative 
Ans. Pentane is miscible with Propanone. 


Reason: Both are non-polar molecule and due to London forces, they are soiubie in each other 


This process of mixing is an exothermic and heat is evolved therefore enthalpy change will be 
negative 


Q 


.8 Describe the various forces responsible for keeping the particles together in the following elements and 
compounds and their effects on physical properties making use of the data below. 
ee ee ll LLE hi 


[_Svbrtance [Formula [Molar Mass(amu)[ MP ("c) | 
a 
Ts YC 
[water 
| Sodiumfvoride [Naf] a2 | 993 
[diamond ¢ _ | 3350] 
Neon: London-dispersion forces are present in neon. These are weak intermolecular forces, therefore neon has 
low boiling point and low heat of vaporization. 
Argon: London-dispersion forces are present in argon. Argon has low boiling point and low heat of vaporization 
But these properties have greater value than neon because size of argon is greater than neon. 
Water: In water, molecular hydrogen bonding is present. The boiling point and heat of vaporization of water is 
high due to hydrogen bonding. 
Sodium Fluoride (NaF): lonic bond is present between positive and negative ions, These electrostatic forces of 
attraction are very strong. Due to this, sodium fluoride has high boiling point and high lattice energy 
Diamond: In case of diamond carbon atoms have network of covalent bonds. It is very hare. it has very high 
boiling point It 1s insoluble in polar solvent. It is bad conductor of electricity 


The boiling points and molar masses of hydrides of some first row elements are tabul 


1d below: 


Suggest reasons for the difference in their boiling points in terms of the type of molecules involved and the 
nature of the forces present between them. 
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row bonding point 


forces are St 
yaporization 


— whil 


- emethane is 3 non-polar molecule. It has London dispersion forces, These forces are very weak so it has 
a 
- Ammonia is a polar molecule. It has hydrogen bonding between its Molecules. Tha: 
NH): ‘onger than London forces. Due to these forces, ammonia has high boiling 
than methane 

co: water isa polar molecule. in water molecule strong hydrogen bonding is, Present. 
Hy ae n water is more than in ammonia. Due to this, boiling point and heat of vapor 


se intermolecutar 
Point and heat of 


The atfect of hydrogen 


zation of \ 
ae ‘compare to methane and ammonia, ne re ery 
nm 
le a volatile liquid standing in a breaker evaporates, the temperature of the liquid remains the same as 


that of its surrounding. If the same liquid is allowed to vaporurize into atmosphere in an i 


insulated vessel, its 
temperature falls below that of its surrounding. Explain the difference in behavior. 


Beaker '5 an open container. Heat exchanges between liquid (system) and its surroundi 

waporates, it temperature decreases and heat flows from surrounding to the liqui 
Temperature of the tiquid and its surrounding remains the same. On the other hand, in an insulated vessel, no 
heat exchange takes place between liquid and its surrounding. So during evaporation, temperature of liquid 
decreases. Since no heat moves from surrounding to liquid, so its temperature falls below that of its 
surrounding. 


NB. So when liquid 
id. In this way the 


Additional Questions 


Ss 


Ans. 


Define Polarizability: 

‘The quantitative measurement of thé extent to which the electronic cloud can be polarized or 

distorted 1s called polarizability ” 

As the size of the molecules increases the distortion also increases. This increased distortion of electronic cloud 
creates stronger London dispersion forces and hence the values of thermodynamic parameters increases. 


Why does ice float on water? 


Ans, When the temperature of water is decreased and ice is formed then molecules become more regular and this 


Pe 


eeeee peePP 


regularity extends throughout the whole structure. Empty spaces are created in the structure. That is why when 
water freezes it occupies 9% more space and its density decreases. The result is that ice floats on water 


PREVIOUS BOARD QUESTIONS 


Ethane is a gas while hexane is a liquid. Give reason. 
Why the boiling points of alkanes having branched chain structures are lower than their isomeric normal chain 
alkanes? 

Why fish and plants continue to survive under frozen water? 

Liquid boils at constant temperature at a given pressure. Why? 

How liquid crystals can act as temperature sensors? 

How the scl of evaporation depends on the surface area but vapour pressure does not depend upon surface 
area? 

Steam causes more severe burns than does the boiling water. Give reason 

Polar compounds are soluble in polar solvents. Justify the statement 

Give significance of lower density of ice than water. ; rat orc? 
Why the vapor pressures of water ethyl alcohol and diethylether are different from et awed 

A liquid boils at that temperature when its vapor pressure becomes equal to the exte 


Fam | 
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you convert crystalline solid into amorphous solid 
can 


| 
} How ids can be changed into amorphous solids by meiti 
“ A : ; a line solids cat eto ne tem aed th 
pied Substances which are rigid, hard, having definite shape and definite volume and cannot flow are alley May i this way, the constituent particles do not find time to arrange themichves, Tatars mane 
ee . id, . ine 
Important obits ere is changed into amorphous solid. 
© The atoms, ions or molecules that make u i 7 | What 2 
P a solid are closely packed. | crystallites: 
> © They are held together by strong cohesive forces. = . 
° _ The consti ' a | part of amorphous solids which possess orderly arrangements of constitue: 
ons ituent particles of solids cannot move at random. They show only vibrational motion. | “The small 
. exists a well ordered arrangement in solids, 


Nt particles are Called 


lites.” z 
ie PROPERTIES OF CRYSTALLINE SOLIDS ( 


| ())Geometrical _ ¢ 


Difference between Crystalline and Amorphous Solids 
Crystalline solids 


Property Amorphous solids 


: line solids have a definite distinctive geometrical shape due to definite and order!) 
Defies merase [reps Alte esa hh te us 


} ions or molecules in three dimensional space. For a given crystal, the interfacial angles, at which the surfaces YX 
Gradually soften over a range of sioms, pes always the same no matter in which shape, they are grown. The faces and angles remain characteristic even yy 
temperature are material is ground to a fine powder. : 
When cut with a sharp edged tool , they ting Points : . pi : 9 . 
cu im two pieces with megan" 1 gine solids have sharp melting points and cd be identified from their definite melting points iy 
: hs surfaces. Cleavage Planes ; , 
They have a definite and characteristic * They do not have definite heat of fusion. 3) Whenever the crystalline solids are broken they do so along definite planes, These planes are called the cleavage 
heat of fusion. = inclined to one another at a particular angle for a given crystalline solid. The value of this an le varies 
janes. They are inclined to « 2 
Isotropic in nature. | Oe ‘one solid to another solid. . 
i iqui jsotropy ‘ 
feornaonatd ae Meson oles a eres a in which a crystalline solid shows variation in certain physical properties depending upon the . 
“ | direction is called anisotropy.” o 
4 Only short range order ic properties: r < 
= arrangement of Anisotropic prope = \ | 
constituent rg aay are: . 
al |e Refractive i . 
ao «Thermal and electrical conductivities. } 
NaCl, Sugar, Ice, Diamond etc. Rubber, Plastic, Glue, Glass, Paper etc. | * Coefficient of thermal expansion. z 
é Cleavage planes. .N 
Crystalline 10 Amorphous 8102 ’ as 
(Quartz)? Reason cee & 
| The variation in anisotropic properties with direction is due to the fact that the -- = 
| orderly arrangement of particles in crystalline solids is different in different directions. A B 
in figure, ‘ @ 
} From A -B=same kind of particles in this direction 
| C- B= different kind of particles in this direction O , 
Samples ‘ 
} () Electrical conductivity of graphite is greater in one direction than in another. O 
| Actually, electrons in graphite are mobile for electrical conduction parallel to the (mt 
cee : } only. Therefore, its conductivity in this direction is far better than 
... Perpendicular tothe other direction. 
(vi) Amorphous solid like glass Is also called super cooled liquid. 


Cleavage itself is an isot ic behaviour. 
| fv) Geavage of the Crystals is itself anisotropic behaviour. 
arrangement. Many crystalline solids can be changes into amorphous solids by melting them and then cooling 


| 7 i i ! 
ituent particles do not find time to arrange themselves, These } ns ls iy articles are arranged in siare acen pcan 
Substances have solid state Properties and virtually complete maintenance of shape and volume. But they are in the pale This arrangement of particles is di npr her ia differant ‘lrectons. 
fact liquids cooled below their freezing point without crystallization. Therefore, amorphous solid like glass is also @son that Cleavage of crystals occur 

called super cooled liquid. 


; Hence, cleavage of crystals is itself anisotrdpic behaviour. Difference in physica 
i Properties with direction, 
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“The repetition of angles, edges or faces when a crystal is rotated about 360° 
along its axis is called symmetry.” 
Symmetry elements 


Following are the symmetry elements of a crystal 

() Plane of symmetry 

(ii) Axis of symmetry 

(iii) Centre of symmetry : 

(6) Habit of a Crystal ‘ 

“The shape of a crystal in which it usually grows is called habit of a crystal.” 

Preparation 

A crystal can be prepared 

(i) By moderate cooling of a saturated solution. 
(il) By slow cooling of a liquid. 

These are formed by prow ing in various directions. 
Change in habit of a crystal 
If the conditions tor growing a crystal are maintained, then the shape of the 


crystal always remains the same. If the conditions are changed, the shape of the crystal 
may change 


For example, a cubic crystal of NaCl becomes needle like when 10% urea is present in 
its solution as an impurity 


(7) lsomorphism 


“The phenomenon in which two different substances exist in the same crystalline 
form is called isomorphism.” 


isomorphs 
“Those crystalline substances which have same crystalline form 
are isomorphs to each other.” 


¢ — Isomorphs may be compounds or elements. 


Examples 
Crane Form 


Rhombohedral Pik:3 
Onthorhombic 2:1:4 


NaNO,, KNO, 

K,SO,, K,CrO, 

ZnSO,, NiSO, Orthorhombic 

Cu Ag Cubic aes 
Zn. Cd Hexagonal ee eee 


Similarities and dissimilarities of isomorphs 


Same crystalline form 


Ditlerent chemical properties 


Same atomic ratio 


Same way of combination 


Same number of atoms 


Same structure of anions 


Chapter 4 (Liquids & Solid, "all 
(5) Symmetry is 


Different physical properties 
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ivel ions like NO," 
sre sevetures of the negatively charged rand COs" ate the same and they have angus planar 


saructure CrO,*" have tetrahedral structure. 


’ 

| oth 50,” and 

| ne crystals showing Isomorphism mostly have same atomic ratios. === 

| (wil) <i crystals which show isomorphism have same crystalline form and depends upon the Number of atoms ang 
ans 


neir way of combination. Isomorphic substances have equal number of atoms linked with each other in similar 
oe Different crystals can show isomorphism only when they have same atomic ratios. e.g. NaNO. and 
KNO, are rsomorphs. They have rhombohedral crystalline form and they have same atomic ratio that is 1:1:3 


orphism rar 
(8) pg in which a compound exists in more than one crystalline forms is called polymorphism.” 


morphs ‘ 
oi compound which exists in more than one crystalline forms is called poly je compound and these na 
are poly morphs of eachother.” mMorphi 


| ples 
Sea [ seomnce_| ___eryatine Foe 
i AgNO; Rhombohedral and orthorhombic 
Trigonal and orthorhombic 
Important points 


Itis acompound phenomenon. 

Polymorphs have same chemical properties, 

Polymorphs have dif¥erent physical properties due to the different structural 
arrangement of their particles. 

(9) Allotropy 


| “The phenomenon in which an clement exists in more than one crystalline forms is called allotropy and these forms 


of the element are called allotropes or allotropic forms.” 
fxamples 


[cement | ___Atowopierorms | 


Important points 


*  Ittsan elemental phenomenon. 
£_Allotropes of an clement have same chemical but different physical properties. 


QS. (b) How “Polymorphism and Allotropy” are to each other. 


“The phenomenon in which a compound | “The phenomenon in bie ie 
exist in more than one crystalline form, j element exists in more than 0 

is called polymorphism.” crystalline form, is called allotropy. 
@ Itisa compound phenomenon. 
A have same chemical ° 


© ttisan elemental phenomenon. 
have same chemical 


-4 
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Polymorphism 
Properties but different physical 
Properties. 


Allotropy 
Properties but different physical 
Properties. 


Exagnples: Examples == 
* AgNO, (Rhombohedral, +¢.--Sulphisr.{Rhombic, Monoclinic) 
orthorhombic) 


¢ Carbon (Diamond, Graphite) 


@ = Tin (Grey tin [cubic], white tin 
[tetragonal}) 


* CaCO, (Trigonal, orthorhombic) 


(10) Transition Temperature 


“The temperature at which two crystalline forms of the same substance can co-exist 
in equilibrium with each other is called transition temperature.” 
Examples 


(i) Grey tin (cubic) —2=5 


White tin (tetragonal) 
asc 


(ii) Sulphur S, (rhombic) 


Sulphur S, (monoclinic) 
(ii) KNO, (orthorhombic) =2£— KNo, (rhombohedral) 


wc 


(iv) NaSO,.10H,0 —£<+ NaSo, + 10H, 
(Hydrated form) (Anhydrous form) 
(v) Na,CO,.10H,O Na,CO;.7H;0 + 3H,O 
(Higher hydrated form) (Lower hydrated form) 
important points 
° — At transition temperature, one crystalline form of a substance changes fo another. 
Above and below this temperature, only one form exists. 
¢ _ The transition temperature of allotropic forms of an element is always less than its melting point. 
(ix) The transition temperature is shown by elements having allotropic forms and by compounds showing 
polymorphism, . 


Ans. The elements which show allotropy have. different, crystalline forms, Sipilarly the compounds which shows 
Polymorphism have different crystalline forms. Each Crystalline form Is stable over a particular range of 
temperature. On heating, one crystalline form can be changed into another, The, temperature at which one 
crystalline form changes into another is called transition temperature. Those substances which exist in single 
crystalline form do not have transition temperature. Hence, transition temperature is shown by elements and 
compounds having allotrapic of polymorphic forms. ~~~ =o 


eg. Sulphur Ss (rhombic) —2=° Sulphur Ss (monoclinic) 


KNO, (orthorhombic) "£5 KAi0; (rhombohedral) 


ver" 
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tat wirtgror: vied 
“An array of points representing atoms, ions or molecules of a 
- crystal, arranged at different sites in three-dimensional Space is 
called crystal lattice.” - f 
Lattice sites 
“The points or sites representing atoms ions or molecules in a crystal lattice are 
called lattice point, or lattice sites.” ° 
The line joining the two points represents attraction between particles. = 


“The smallest part of the crystal lattice that has all the 
characteristic features of the entire crystal is called init cel}, 


ang points ; 
‘cell shows the structural properties of a given crystal. 
Await unit cell is repeated in three-dimensions, it gives the entire crystal, 
The apie information about a crystalline structure is present within.its mS 
5 cell dimensions/crystallographic elements 
vis (6) unit cell dimensions: 


Rs 
= Fa 


re are SIX 
(a) unit cell lengths ; 
Length along x-8x!s 7 im 
Length along y-axis = 2 
Length along 2-8X!s = c 
(8) Unit cell angles ss 
‘Angle between lengths ae and he =7 
Angle between lengths *b’ and ‘c' =a 
‘Angle between lengths ‘c’ and ‘a’ = B 
The unit cell lengths a, b, c may be assigned along x, y and z axis, respectively but angles 
a, Band y have to be decided accordingly. 


CRYSTALS AND THEIR CLASSIFICATION 


“A crystal system may be identified by the dimensions of its unit cell along 
its three edges or axes a, b, c and three angles between the axes, a, B, 7.” 
There are seven crystal systems. These seven crystals systems are described as follow: 


1. Cuble System : Rn 
Lengths ‘; 
Inthis system, all the three axes are of equal lengths La 
a=b=c 
Angles . ‘ 
All axes are at right angles to each other. ‘ 
a=B=y7=90° bes 
Examples 3 Ms 
Fe, Cr, Ag, Au, NaCl, NaBr, Diamond etc. 
2. Tetragonal System 
lengths 


SOc 


a a 


‘Six crystallographic etemares 
Specity the size and shape of 
wnat call 


7 <a 
eK OMICS Xe, 


crystal System 


In this system two axes are of equal lengths and the third axis is either shorter oc larger 
than the other two. 
Angles 

All the angles are of bo° . : b 
a=B=7=90° : ry 


a=bec 


Eamples 
81, $n0,, Mn, NHBr etc. 


Cc 


3. Orthorhombic or Rhombic System 
Lengths 
All the three axes are of unequal length 
azbec 
Angles 
All axes are at a right angle to each other. 
a=B=7=90° 
Examples 
lodine, Rhombic sulphur, BaSO,, K;SO, etc. 
4. Rhombohedral or Trigonal System 
Lengths 
All the three axes are of equal length: 
’ a=b=c 
Angies ° 
The three angles are not equal and lie between 90° and 120°. 
azBeye90° 


Examples 

Bi, Al,Oy, NaNOs, KNO; etc. 

5. Hexagonal System 

q Lengths 

In this system, two axes are of equal length and the third axis is of different length. 
a=bec 


Angies 
Two axes are in one plane making an angle of 120° with each other and the third axis is 
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= 120° 


Examples 


Fe, Cu, Ag, Au, NaCl, NaBr, diamond 
Sn, SnO;, MnO2, NHiBr 


lodine, Rhombic sulphur, BaSO,, 
K.SO, 


Bi, Al,O;, NaNOs, KNO; 
Graphite, ZnO, CdS, Ice, Zn, Cd 
sulphur, Borax, 


aeBey490° 


a=B=90°, y= 120° 


Sugar, Monoclinic 


ck 
4 at right angle to these two axes. NaSO,.10H,0 e 
BSBA I Tee astBey=90° H:BO, KxCr.0;, CuSO,.5H,0 Y 
Examples 
Graphite, ZnO, CdS, Ice, Zn, Cd ete. : CLASSIFICATION OF SOLIDS . 
6. Monoclinic System There are four types of crystalline solids depending upon type of bonds present in them: } 
s , 1. Ionic solids 2. Covalent solids t 
~ In this system, all the three axes are of unequal length. 3. Molecular solids 4, Metallic solids oy 
: 5 inded 
atbec ese 0.7. {a)\What are ionic solids? Give their properties. o Sane a4 ¢ 
Angies ‘Monoclinic = = ; Da 
‘Two axes are at right angle to each other while the third angle is greater than 90°. aoe Nearer ei 
a=y=90°, B 490° “The crystalline solids in which the particles forming the crystal are positively and 
Examples negatively charged ions which are held together by strong electrostatic forces of 
Sugar, sulphur, borax, Na;SO,, 10H70 etc. attraction (ionic bond) are called ionic solids.” 
hades a The crystals of NaCl. KBr etc. are ionic solids. 
Properties of ionic solids 
All the three axes are of unequal length. cies z ; : 
aszbec (1) Physical state siten te fe 
Angles The cations and anions are arranged in a well defined geometrical pattem, 90 etka be ds or pets 
All the three angles are unequal and none of these angles is 90°. \emperature. Under ordinary conditions of temperature and pressure they never exist in 
as peys 90 Ii) Hardness, volatility, melting and boiling points sate the cations and anions from 
Exam lonic crystals are very stable compounds. Very high energy ' required to sepal rd high melting and 
ples each i ry Ls ‘onic soli hard, have low volatility and ™e 
other against the forces of attraction, That's why ionic solids are very har 


HyBO:, K:CrO>, CuSO,.5H,0 ete boiling poines 
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Z Hexa6' 
iof| degrees. Regular hexagon. has 6 sides and angles in same plane 
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n=6 
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angle = 180[ 73 | leg 
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(ll) Nature Of ionic solids 
Tonic so} 


(iv) Radius ratio 


The structure of ionic Crystals depends upon the radius ratio of ‘cations and anions. 


oe Radius ratio = "= 


In NaCI - 
Na” = 95 pm 
Cl = 181 pm 
a 7 95 
Radius fatio = Tey = 0.525 


3 
095A 9.595 


BIA 


Radius ratio of NaCl = 


° 
The radius of cesium ion = 5 =169A 


Radius ratio of CsCl = - LOA _g 95, 


18ta ORGS Bi 

This show that sodium chloride and cesium chloride have different radiug ratios, * 
$0 they have different structure. 

(v) Formula mass of Ionic solids 


In the case of ionic crystals, we always talk about the formula mass of these Substances and not the molecular 
Imass because they do not exist in the form of molecules, 


C12 (xil)lonle crystals do not conduct electrichty in Olid wats ae = aa 
Ans. Conduction of electricity a Aiea accra f 


Structure of Csci 


(a) In solid state 


In solid state, ionic Crystals do not conduct electricity because on account of electrostatic force existing between 
them. The cations and anions remain tightly held togethe 


rand hence Occupy fixed positions. 
(b) in solution or in motten state 


lonic crystals conduct electricity when they are in solution or in the molten 
free. 


Q.12 (xiv) lonic crystals are highly brittle. 
Ans, Brittleness . 


State;in both Pesespdonsibecome 


> 

\ oe fe 

orton > Reanemarech ee ‘ 

“ 

(aioe ids “ie mostly of high density due to close packing of 9 @ 
() tone pounds having tte ign Crystals give ionic reactions in polar solvents am! these are very fast reactions, ; 
wy ee ovanmcarg pai hism and polymorphism are also associated with the tonic crystals ' 
are <a number of +ve ions surrounding the —ve ions in ionic crystal lattice depends upon the sizes of two ions. 


nds; negative ions are surrounded by positive ions or vice versa. Usually, each ion is surrounded NA 
oni ee mi i \ding a particular ion depends sa 
Rn Ore ber of oppositely charged ions. The number of ions surroun i 

st possible nu: 
by larges' 


upon radius ratio. 


Radius of cation (r+) 


Radius of anion (r-) # 
c the radius ratio, greater is the coordination number. A greater surface area of an ion will have a 

eae to get surrounded by large number of oppositely charged ions. 
Radius Ratio 


Radius ratio = 


Coordination number Structure 


Triangular 4 
z 3 
Sane oad 4 Tetrahedral \ 
aie is om 6 Octahedral 

0.732 =1.00 8 Cubic 


init. 
Qz7/a) Explain the structure of NaCl. Sketch a model to justify that unit cell of NaCl has four formula units in it 


ium Chloride ; ; 7 
woe pelatluhes crystals depends upon the structure and the size of ions, Each ion is Pehrrigen daphne 
ei warere ne charge. In the structure of NaCl, each Na’ ion a sec bloees hee : = So of Ch bs aaee 

i i ‘3 lectrons while CI" has total eighteen electro 
ons are arranged in a crystal lattice. Na’ has ten el 
than that of Na’. : 
c djacent 
es two nearest ions of same kind i.e., CI” ions is 5.63A". The picasa ein ‘a i 
tons of different kind is 5.63/2 = 2.815 A°. The location of Na’ and Clr ions is such that each Na 
Placed at the corners of regular octahedron. 3 
Coordination number ; : 
“Coordination number of an ion is equal to number of ions surrounding ~ fo waancin 
Coordination number of each Na’ is six similarly each Cl _ion is also surri rae dienes wiay Gras ne NU< TH 
Na’ and CI are not Connected to each other by pairs because all six CI" ions e prea are no independent molecules of 
independent molecules of NaCI do exist in vapour phase. Anyha, 2 solid NaCl, 
|. That's why sodium chloride is said to have formula unit of NaCl. = 
ble structure . ; t cubes. \/8th part of eae 
There ge eight CI ions at the comers of the cube and each is neh sept eight 
is considered for this unit cell. So one complete Cl’ is meres et ye by two cells 
ly, six chloride ions are present at the face centres and each is being 


CT ion 
Similar 
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Number of ions and formula units per unit cell 


Per unt cell, there are 88 + 67 = 4C1 sons. we take a unit cell having 8Na” at eight corners and 6Na’ at fac, 
are equal number of Na rons and therefore 4NaCI formula units are present per unit cell. 
. ; 
(b) 
The unit cell of sodium chloride showing that 
NaCl formula units are present in a unit cell. Lattice energies of ionic, 

i' Q10. What is codrdination no. of an ion? What is coordination no. of cation in a (a) 
4 NaCl structure and (b) CsC! structure? Explain reason for this difference? 
® Ans. Coordination number: “The number of oppositely charged ions around an :on 


1S Called its Coordination number.” 

Ni Gepends upon radius ratio of cation and amon. In “NaCl” the radius ratio is 

between (0.414 - 0.732) so, Na’ has a coordination number of ‘6’ and its crystal 

's face centered cube where six CI’ ions surround each Na’ ion. 

° In “CsCl” the radius ratio is 0.933: which ties between 0.732 and 1.90, so 
Coordination number of Cs is ‘8’ and its crystal is body centered cube where SCI” 

4 ‘Ons surround each Cs’ ion. 


Lattice Energy 


2 


“The energy released when one mole of the ionic crystal is formed form the gaseous ions or the energy required to 


break one mole of solid into isalated ions in the gas phase is called lattice energy.” 
Explanation 


— Lattice energy decreases with the increase in the size of the cation keeping theanion same, It also decreases with 
the merease tn the size of anion. The reason in both cases is the same. With the increaserin the size of either cation or 


amon, the packing of oppositely charged ions becomes less and less tight. 
Effect of size of halide ion 


ionic size increases: 
charge density decreases 
attraction between ions 
decreases 
lattice energy becomes less 
negative, 
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With increased charge on cation, two 
factors increase the magnitude of lattice 


energy: 
e increased charge produces more 


attraction 
e decreasing size produces more 
attraction. 


{b) What are covalent solids? Give their properties. 
a7 
Covalent Solids if 


“Those crystalline solids which consists of 
atoms of same or different elements held 
together through covalent bonds are called 
covalent solids.” 


Covalent solids are also called atomic solids. » § 


With increased charge on 
two competing factors: 
> 3 
* from Cl to P* | the Mereasing ionic 
charge produces more attraction 
* however, the ionic siz 


anion, there are 


4 also increases 
producing less attraction 


. 
ial graphite SiC, BN, etc. 
Types of covalent solids 0 
Covalent solids are of two types: 

(I) Glant Structure Covalent Solids 

When the cOvalent bonds join to form giant molecules. 

e.g. diamond, silicon carbide, aluminium nitride. 

(Ul) Cayered Structure Covalent Solids 

When the atoms join to fonn the covalent bonds and separate layers are produced, 
e.g.cadmium iodide, graphite, boron nitride. 


Paes 


Propert val Crystals! | 
(I) Three dimensional open structure 
The bonding in covalent crystals extend in three dimensions. They contain a network of atoms. The valencies of ‘ 


atoms are directed in definite directions. So the packing of atoms in these crystals is looser than those of ionic and { 
metallic crystals. Thus covalent crystals have open structure. 


(Il) Hardness, volatility, melting and boiling points 

These crystals are very hard and considerable amount of energy is required to break them. They have high melting 
and boiling points and their volatility is very low. 
(lil) Conduction 


Due to the absence of free electrons and ions they are bad conductors of electricity 
Graphite is a conductor 


In graphite, each carbon atom is sp’ hybridized. Three out of four electrons of a 
atom form covalent bond with neighbouring atoms. Thus a hexagonal Jayered 
re of graphite is formed and the electrons are available between the layers. These 
Clectrons are delocalised and conductivity becomes possible. Graphite is not a conductor 
Perpendicular to the layers, 
(lv) Soluibitity 
* Mostly Covalent crystalline solids are insolubie in polar solvents like water. 


Structure of graphite 
They are readily soluble in non-polar solvents like benzene and carbon tetrachloride 
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cbolar 
rties of molecular solids 
e 
lar arrangement h t 
gy Rew” Ss analysis has shown the regular arrangements of atoms in the constituent 
Bee hte solids and we get the exact positions of all the atoms. 
Jes o1 
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* The covatem crystals having giant molecules like diamond and silicon carbide are 
soluble in all the solvents Because of their big size, they do not interact with the 
solvent molecules | he chemical reactions of such crystalline solids are very slow 


Structure of Diamond 
4 Diamond is one of the allotropic modifications of carbon. Carbon has four 
z electrons in its outermost shell The four atomic orbitals (one 2s and three 2p) undergo 
SP hybridization to give four sp hybridized orbitals. They are directed in space along the 
four corners of tetrahedron 
This is the unit cell of diamond and a larger number of such unit cells undergo sp'~sp' atoms in diamond ¢, 
ace ’PPing to form a huge structure. Each carbon atom is linked with four steer ark "Yate 


polecul 
softness 4s, which hold the molecules together in the molecular crystals, are ve 
(on rhe forces. ry ery 
they are soft and easily compressible 
o they 
weal = tility, melting and boiling points 
(ii) Wor ey are mostly volatile and have fow melting and botling points, 
o y 
St ss bility and density 
Tet it i ction, solu " A 
Srahedral unit in cary (iv) cone are bad conductors of electricity, have low densities and sometimes 
io light. Polar molecular erystals are mostly soluble in polar solvents, while 
o var moleculat crystals are usually soluble in non-polar solvents 


.g. Ice, sugar etc 
(Ul) Molecular Solids containing non polar molecules 
They have low melting and boiling points. They are soluble in non-polar solvents 
and are more volatile 
eg. lodine (1 5 Phosphorous (Ps), Carbon dioxide (CO;) in solid state, Sulphur (Sy) etc, 


Sphere of influence, is called metallic bond. 


atins. The bonds between carbon atoms are covalent which run through the crystal in I 
intes dimensions All the bond angles are 109.5" and the bond lengths are 154 pm. The non Pure of solid iodine 
lean altice 1s, therefore, continuous and because of continuity of C-C covalent 1 Stem struct solid state. the molecules of iodine align in the form of layer lattice. ‘i 
molec coo diamond crystal behaves as a huge or giant three dimensional carbon e a 271.5 pm and is appreciably longer than in gaseous iodine (266 6 pm). As Face-cemtered cube structure 
cule. this is also called “ lecule”. nce 18 =!" iodine is z F ele of iodine 
¥ The overall seucture Of djmtioad (ocke Faas eassa cubic. 4 i ee ted trom its structure. iodine is a poor conductor of electricity. 
— lodine dissolves readily in tetrachloromethane. 
{ (ii) Diamond is hard and an electrical insulator. (w) 
x Ans. Diamond is hard because C-C single bonds are very strong. A diamond crystal is Sthuctine Of diamond eryaty ais. The general rule of solubility is Uke dissolves like”. Non-polar solutes Cissolve 
composed Oia network of carbon atoms extending uniformly throughout the in non-polar solvents. Since both iodine (I) and carbon tetrachionde (CCl,) are 
bi entire crystal. n this three-dimensional network of atoms, each carbon atoms non-polar suet nehieorensbip nar lale The proces vu ys the 
‘ share its four vaence electrons with four other carbon atoms to form four single breakdown of weak van der. Waals forces in iodine lattice 
bonds. The bondng atoms are tightly bound and highly localized. The network j im Vetallic Solid 
% of atoms joined by strong tetrahedrally oriented covalent bonds is responsible shea! 
~4 for the hardness ot diamond. As a result of strength and uniformity of the “Those crystals in which metal atoms are held together by metallic bonds are called metallic su! .)s 
bonds, stable and rigiocrystal lattice, diamond is hardest substance. Metallic bond & 
Diamond is electrical irsulator because there are no free valence electrons. All hoa i , 5 9 
the valence electrons are tightly bound and highly localized due to formation of “The attractive force which binds a metal cation to a number of electrons within its sphere of influence \s called 
fou -avalent bonds. ¥ Fececontentane J metallic bond. 
of diamond . . a8 1a) Give different thedries of 2. ee 
7 (c) What are molecular crystak? Give thelr properties. Justify that molecular 8 (a) Give different theories of a metallic bond. How electron sea theory does justifies the electrical of a metallic t 
crystals are softer than lonic crystals. bond. How electron sea theory does justify the electrical conductivity, thermal conductivity and shining 
~¢ , face ? < / 
~ Molecular Solids ———— en ofimatals 
“Those solid substances in whith the particles forming the crystals are polar or A 
non-polar molecule or atoms ofa substance are called molecular solids.” } heories about Metallic Bond 
‘Types of attractive forces 1. Electron pool or electron Bas theory 
‘A Two types of intermolecular forces hold them together: : = B : A 
* i) Dipole-dipole forces . " This was proposed by Drude and extended by Loren in 1923. According to this theory 
(MX yan der Waals’s forces “Each atom in a metal erystal loses all of its‘valence electrons. These valence electrons form a pool or a gas. The 
‘These intermolecular forces are much weaker than the forces of attraction Positively charged metal ions are-believed to be held together by electron pool or gas. 
betweew.the cations and the anions in ionic crystals and between the atoms in covalent . 
crystals Explanation f 
§ ° Due to low ionization energy, metal loses electrons and forms positively charged ions These pera cerenl 
). Molecular salids containing polar molecules ‘ons Occupy definite positions at measurable distances from each other in the crystal lattice one aes ns 8 hs 
They have high melting and boiling points and less volatile and are soluble in water. Alached to any individual ion or a pair of ions rather belong to the crystal as a whole. These ni feck ctrons within its \ 
: about from one Part of the crystal to other. The force, which binds a metal cation to a number of elec 


Mobile electrons 
Positive electrons 


Positive ions surrounded by mobile electrons 
2. Valence bond theory 


 P; ‘ explai 

oe P auling tried to explain metallic bond according to valence bond theory According to this theory 
he metallic bond is treated essentially as covalent in character. However, it 1s assumed that the covalent bon } 
not localized but are highly delocalized in metal structure" biel 


3. Molecular orbital theory | 


Recently, molecular orbital theory was applied to explain the characteristics of metallic solids. According 1 oth 
theory, it is assumed that electrons in the completely filled orbitals are essentially localized, while atomic orbiiale oe 
containing valenee electrons interact or overlap to form a set of delocalized orbitals. These delocalized orbitals arethe | 
molecular orbitals which extend over the entire crystal lattice. Such a combination Of atomie orbitals produce asa large | 
number of closely spaced states. These states of energy are also known as bands of energy That is why it is also called 
band theory. The energy gap between.two bands determines the propertiés of the metallic solids : 


Properties of Metallic Crystals = | 
Electrical conductivities of metals 


Metals are good conductor of electricity. When electric field is applied between two ends of a metal then mobi 
electrons begin to move towards the positive pole and the new electrons from the negative pole take their place 


} 
| 
IPT FT WH I-IZI-JB-F 


Electrical conductivity of a metal } 


Effect of temperature on electrical conductivities of metals 


The electrical conductivities of metals decrease with the increase in temperature The reason is tl 
increase in temperature the positive metal ions also begin to oscillate, their amplitude increases and i paren 
the free movement of mobile electrons between the positive ions. This hindrance decreases the electrical co 


Thermal conductivity 

It ts another property associated with metallic solids. When a piece of metal is heated at Di 
electrons at this end absorb heat energy and move very rapidly through metallic lattice towards the coe fon ake 
process, they collide with adjacent electrons and transfer their heat energy to them In this way conduc! 
through one end to the other 


rat with O | 
tion hinder | 


onesend, the mb } 


ring! 


ro VS 
ubjective) 


metal 
fight f 
mobile 
ive of ‘ 4 
wirjected from the surface of the metal which gives a shining look 


Malleability and ductility 


Metals are malleable and d:icile whenever stress is applied on x9 9 
them. Uhewr Jayers ship pass each other. The structure of the metal ) 4 ? ° ad f 
hanges into wires and sheets without fracturing when stress ‘5 apphed 9 9 9 g 
on them 


‘Q.12 (I) Sodium is softer than copper, but both are very good electrical conductors 


‘ans. The hardness of a metal is directly proportional to the strengt> of mot 
harder 1s the metai and vice versa. The strength of metalic bond 
electrons but inversely proportional to the size of metallic radius. Cu 
compared to Na. So, the metallic bond of Na is weaker than Cu and it 4 re 


As, both Na and Cu have free valence electrons. Hence, both Na and Cu are very good 


electrical conductors 


Soe 
Q,12 (xl) The electrical conductivity of metals decrease by increasing temperature Langer 
<= Spacing 


rature 


‘Ans, The electrical conductivity of metals decrease by increasing ‘er 
because with the increase in temperature, the positive meta! ons begins to 
oscillate and the motion hinders the free movement of mobile eiectror 
between the positive ions. This hindrance decreases the electrical conduct vty 
The metal atoms are arranged in definite pattern Free electrons are mvamy 

about in the crystal lattice. So a metal may be regarded as an assembly of the positively 

charged spheres of identical radii which are packed together to fill the space as 
completely as possible 

Close packing of atoms . 

Let us suppose that the metal atoms are hike hard spherical halls. Take wselve Spacing 
splterical balls ind pach in at box as shown in Fig (a) The spices during the packu 


larger, When the bos 1s shaken, the balls wil’ rearrange as shown in Fig (b). The 
1s the natural} \ 
7 


box (two dunensional view) 


Smater 


aranuement of these balls is now stable and more closely packed. | 


tendency of the balls to have closely packed arrangement of eleven spheres after shaking Y 
Development of unit cells of the crystal lattice CY Y \*% . 
Consider three balls whieh jou together im one plane The fourth b | eS 


in the space created by the other three as a second layer ft Mis way tetrahedra s 
: + 1 laver is plac 

is obtamed Piz ce) Actually, the fourth bail of the second: layer sf 

depression created by the first three balls. These depressions are also cal 


Q.8 (b) Explain with the help of a diagram 
(i) Cubic close packing in the structure of metals 


Ans. Structure of metals a 
Consider eleven balls are present m the first layer The i hy 
fit into the depressions or interstices created by the first layer Wench © 
second layer are arranged, then all the depressions of {rst 183 St A 
are two types of depressions as “a and ‘b’. The depressions MANES NS 


Packing of elew 
box (two dimensional ve) 


\ 
Py 


sof second layer can 
sof the 


aed There — The forr..won of a tetraheds 


encare no" WS gite. due to four balls 


not occupied 
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by the second {i 

deoretsiene layer and one can see the ground from looking at the top through 

hone s ; The new depressions marked ‘a* are created by second layer. Through 
Pressions ‘a’, we cannot see the ground, but balls of the first layer 


Now arrange the balls of third layer in the depression of second layer 


bahcatis balls of the third layer are placed above the second layer then there are two 
oss bilities. 


© = The third layer balls may be accommodated in ‘a type interstices or depressions. 


Uhe third layer balls may be accommodated in “b’ type interstices or depressions 
Cubic close packing 

When the atoms of third layer fit into the interstices marked “b’, thet atoms of 
the third layer will not lie directly above those of the atoms of first layer. This pattern of 


arrangement is called ABC ABC...... or 123 123...... ILis named as face centered cubic 
arrangement. The balls of fourth, seventh and tenth layers will be in front of each other 


Close packing o! spheres, 
41 baile sn Wrst layer ana 6 pope 
second layer " 


Metais with 3 face 
centered cud'c structures 
are generally mos: 
malleable anc ductie 
Body-centered cubic 
metals are intermediate, 
and hexagonal close. 
packed structures are 
least =malileable anc 
ductile 


9 @> O DP 


> 


Cubic close packing or Face centered 
cubic arrangement (ABCABC ...) 


Hexagonal close packing = 
When the atoms of the third layer are arranged in such a way that they occupy the depressions created by second 
layer i.e., in the ‘a’ types crevices then these atoms will directly lie above the atoms of first layer This pattern of 


arrangement is usually written as ABAB.... .or 1212...-+- 
This pattern has been named_as hexagonal close packing. The 


each other. 


balls of third, fifth and seventh layers will be in front of 


[Cu, Ag. Au, Ni. Pt 


Li. Na. K. Rb, Cs. 


Hexagonal clos packing 
(ABAB ...) 


nels 
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Type of Crystalline Solids 


cations plus 
delocalized 
electrons 


‘hardness varies fiom soft to very 
hard, melting pointivaried from low 
to very high, lusious, ductile 
malleable. very goad conductors of 

heat and eedricit 
Thard, moderate to very high melune 
points, non-conductorsof electricity 
(but good electrical contuctors in the 
molten state) 


cations and anions 
cations NaCl. NaNO. 


Mgo 


apiecates (atoms | London and/or dipole- | sof, low meting pois, non- Tobleg 
of noble gases) dipole and / or conductors of beat and electricity, elements CH 
hydrogen bonds sublime easly inmanycases | CO. P, SL. 


1.0 


C (diamond). 
SiC, SiO 


covalent bonds very hard, very high melting points 
non-condictors of electziuty 


“The vapour pressures of solids are far less than those of liquids. 


The magnitude ‘of vapour pressure is inversely proportional to the strength of intermolecular attractive forces 
"these forces are stronger In solids as compared to the liquids. Hence, vapour pressure of solids is far less than 


liquids. 
petermination of Avogadro’s Number (Na) 

‘Avogadro number can be calculated in a number of different ways. One of the mst accurate methods for 
1 based on the study of crystalline solids. In order to salculate this number, we need to know the 


determining this number is s f 
of a crystalline solid and the distance between its atoms or tons in the crystal lattice The 


volume of one gram-mole 


volume of one gram —mole of a solid can be calculated from its density while the spacing between its atoms can be 
measured by X-rays. ' ’ 
The method of determining Avogadro's number is explained with help of following solved example which gives a \ 
wasonable good value of this number. The crystal of LiF is primitive cube and can be used to calculate the Avogadro's 
number 
Example bd ' 
The density of LiF is 2.65 g cm’. It is made up of cubic arrayof alternate Liv and F ions and the distance y 
° . ‘ 
between these ions 1 2.01 A(2.01 x 10*cm). Calculate the Avogadro's nuober. & 
E \ 
Solution ' 


= 6.939 + 18.9984 
= 25.9374 gol" 
Density of LiF =2.65 gem" 
From the density and molar mass, calculate the, volume of 1 mole of selid LiF 
The volume occupied by 


The formula mass of LiF 


25.9374gmol | 


one formula unit of LiF 265 gem" 
2.65g0! 


“ 


4 


Since the cube of Lif crystal contains one 


From the 


Total number | Li 


. = 9: 788em? mot 
volume. we can 
© can calculate the edge length of the cube a 


For thes. we su = 2 : 
ppose that 9 788cm! of Lif ie, } mole of Lif. is present in the form of a cube The cube 


Toot of this vol: “ 


| give the length of one edge of cube 
So 


Edge length of the cube 


The number ° s 
3 of ions of both Li” and F on one edge length can be calculated by dividing the edge tength 
by distance between ions. 


Hence. the number of | Li” and F~ )ions along one edge length 


2.139em 
2.01« 10 cmion' 


= 1.064 «10° 


When we take cubes of these ions we get the total number of tons ie. Li’ and Fin the cube 


Jof ions in the cube = (1.064% 10°), 


04» 1074 


Avogadro's number will be 


er 


(mn) 


Brit MM = e 
_ 120410 ~ Bhixie® 


od in a regular and repeating manner 
The three dimenstonal array of pomtts represent 


al lattice represent poss! 


In crystalline solids the particles are arrang 
ery stalline solid can be represented by, its unit cell 
molecules ts called erystal lattice The, points in the eryst 


identical em ronments 
The simplest unit cell isa cubic unit cell 
mies of soltds depend on the arrangement of 
Hting points Cav 


There are seven crystal systems over all 
The prope y particles and the attractive 
are hard and bottle and have high me! atoms held together by coval 


nd throughout the ‘solid. They are 
Five a wide range of properties. Molecular so} 


alent solids consist of 


and these bonds Ente 
ersed ia sea of elect rons and 


metal catwons min 
ogether by intermolecular forces 


Gaived Objective Exercise] 


molesules held t 


Multiple choice questions: 

lonic solids are characterized by ; 

(a) Jow melting ports oat conductivity in solid state 
( high vapour pressure ( “solubility in polar solvents 


\norphuver satis 
\mosphows ‘ , 


Avogadro's number of Liv and one Avogadro's number of Fo 4 


The essential structural teatures 
OMS. HoH 


ons iy the structure where they bod 


forces between them. lonic 


hard and have high melting pomts Metallic solids consis? 
Lids consist of atone] (MW) 


STRY ~ XI (Subjective) 


. rs cHEM! re : 
col 187 
ave sharp melting points 3 


2) 
, undergo clean cleavage when cut with knife 
b) c. . 
, pave perfect arrangement of atoms 
“ 
Fan possess seal eB ns of ordetly arrangement of atoms 
of CO: in dry We form the 


he molecules 


P ay) _gsnic crystals (b) covalent crystals 
Fatecular crystals (4) any type of crystal 
simch ofthe Foose fs pseudo solid? 
winch 
wh ay CaF 2) 
4 NaCl (d) 


is a bad conductor because 
jr has a tight structure (b) thas a high density 
rex electron in crystal (8) 


Diamon 


(a) 
is transparent to light 


Answer Riason 


ae 


{d) can possess small regions 
ot orderly acrang ment of 


lonic solids have high melting pomts, non conductors of electreily in solid 
: B " ctrreily an. soly 
state, low vapour pressure and soluble in polar solvents like water 


Q.Xo 


Amorphous solids do not have sharp melting points. They do not possess a 
regular orderly arrangement of particles 


atoms 


When CO; gas 1s cooled at -78°C it converts unto solid state called dry we In 


solid state it consists of CO) molecules, 


Pseudo solid ts also called amorphous solid Glass Paper Glue. wood, Plastic 


rubbers ete are its examples 
tn diamond. carbon ts sp hybridized All four valence electrons are husy on 
bond formation with newhbourng C — atoms No cteciton ts avatlable te 


conduct the 


Q2. Fillin the blanks: 


astal lattice, the number of nearest neighbours to each atom ts called the 


ww Inger 


(i) There are Bravis lattices. 


quid 


rded as a 


(i Apseude solid ts ¢ 
ivy Glass may begin to crystallize by # process called 


18) Ceystalline solids w hich exhibit the same in all directions are ¢ 


graphy 


of crystals is called crystalley 


The branch of scrence shich deals with 


ANSWERS 


(i) fourteen 


(1) coordination number 


(ini) super Cooled (ay) annealing 


(v1) structure 


(8) phy steal properties. sotropre 


Q. Indicate ‘true® or ‘false’ as the ease maybe. 
dimensions of ae 


rystal 
ting and borling pants 


w There are tive parameters an unit cell 


J, low volatility and very low nel 


(i) Lome erystals are very hard 
pends upon the ze of 


av of the ranted SuOsttl 


es de 


") The value of lattice ene 


as) ole 
Molecular orbital theory of solids is also called band theory. 
(vb Jone se 7 
lone solid is good conductor of electricity in the molten state. 


ATOMIC STRUCTURE 


i" Additional Questions as 


Q. _ The lattice energy of NaCl is greater than KCI. Why? 
Ans. The tat’ peat 
attice energy of ionic compounds depends upon the charge density of oppositely charged ions. Gi b atomic parties i 
» Greater he Mater is made up of extremely small particles called atoms: According to Dalton’s theory, atom: 
wo ultimate particles which could not be divided any further. Our ideas about structure of at han 
he years. A number of subatomic particles have been discovered pate 


chi 
large density of ions, greater will be the lattice energy. The anion in both NaCl and KClis same (CI), but, 
|, BUt cation, 
anges over tl 


is differet . . 
pach ey Na’ and K’ ions carry same charge but the size of Na” is small than K’. Due to which char apssered 
y Ja" 1071s greater than that of K* (Since, charge density is the charge to size ratio of ion). Asa rind Y radical ch 
i uh, pw 


the lattice energy of NaCl is greater than KCI. 
discharge 


DISCOVERY OF ELECTRONS (Cathode Rays) 


tube is fitted with two metallic electrodes acting as cathode and anode. 


ir or vapours of a substance at any desired pressure 


Qa. Why metals are changed into wires and sheets by applying the stress? 
Ans. pomcales means beaten into sheet and ductility means ‘drawn into wires, These properties are due to the aA i ‘ 
irectional nature of the metallic bond. When.any force is applied.on the metal the position of the cations, ie The tube is filled with 8 gas, au 
changed without destroying the crystal. The metallic lattice gets deformed due to the slippage of the adjacen |} , The electrodes are connected to a source of high voltage. The exact Voltage required depends vpon 
layers of the cations from one part to another. It doesn't change the environment of the cations. It simply me of the tube 
® inside the tube 
acuum pump by means of a small side tube so that the conduction of electricity may be 


i) 
" The tube is attached to 8 Vv: 
studied at any value of low pressure. 


Q. Why does lodine sublime. 

lodine is held by the weakest van ‘der Waals’s attractions because it is a covalent nonmetal substance. 
lodine also has low vapor pressure. Once lodine reaches a certain point, there's not enough force holding the 
molecules together to even make a liquid. Instead, they escape and become a gas. 


Ans. 


Important Previous Board Questions 


ger than in gaseous iodine. Justify. 


id electricity. Justify. 
als decreases with increase in term 


1-1 bond distance in solid iodine is lon, 
Metals are good conductor of heat an 


Why the electrical conductivity of met 


a. 

a 

a perature? 
Q © Afreshly cut metal has a lustrous surface. Give reason 

Qa. 

a 


even at high voltage ‘of $000 volts 
then an electric discharge 


ced further to about 0.01 


Why cleavage of crystals is itself anisotropic behavior? 
ft and easily compressible. Why? 

energy of anionic compound depends upon the charge densities of the ions? Working 

It is observed that current does not flow through the gas at ordinary pressure 

s reduced and a high voltage of 


How the amount of lattice 
When the pressure inside the tube i 
ww inside the tube. When the pressure 15 red 
he glass wall opposite to the 


‘ 
For Answers study Scholar's CHEMISTRY (Objective) Xt 
i takes ee through the gas producing & uniform glo 
torr, the original glow disappears. Some rays are produced which create fluorescence on t 
; f the glow or the fluorescence produced on the walls of the glass 


Molecular solids are so 


cathode. These rays are called cathode rays. The colour o! 
tube, depends upon the composition of glass. 

ties of Cathode Rays 
when the cathode rays passed between the 
ard to the pou 


0) Effect of electrical and magnetic fields 
Cathode rays are negatively charged. In 1 ¢ 

. 2 by the magnet 

ny of the magnet, the path of the negatively charged cle =e 
ln 1897, J. Thomson established their electric charge by the application of electne fiek 


ected upward (towards the positive plate) to port 3 


95, J. Perrin showed that 
particles was curved down 


4, the cathode Fay> particles were 


STRY _ X1 (Subjective) 
wt 


Lf 


Pid rays can produce X-rays when they strike an anode particularly with large atom 
y large atomic mass 


Chapter 5 (Atomic S| 
ty 


~ 
een jonize gases through which they pass 
roe passthrough a thin metal fol like aluminum or god foil 


ject 
wine? cause a chemical change, because they have a reducing effect 
does not depend upon the nature of the cathode material or the nature of the was filh 
ne gas filled 


Deflection of cathode rays in electric 
and magnetic fields 


“Thomson f 5 
écoluad the tbe icnach sobs iesretutiy controling! the charge on the plates when the plates and the magnet were bog, 
S¥ect'o paar tar ¢ cathode rays strike the tube at point | again. In other words, he was abh 
effect of the magnetic field by applying the electric field that tended to bend the path of the cathode nines 
: ) oppose 


direction 


yen value . 
(" ‘The e/m value of cathode rays shows that they are simply electrons. 


(2) Fluorescence 
They produce a greenish fluorescenc is 
’ ceag 0 ce on striking the walls of the glass tube. These rays also produce sion f hode 
tn rare earths and minerals. When placed in the path of these rays, ‘alumina glows red and tin stone fellow. Fert 14, Thomson concluded from his experiments Ma alta ays cons ee 
+ timely charged partes 
. named these particles as jectrors. 


(3) Straight line motion 
They cast-a shadow when an opaque object is placed in their path It 
perpendicular to the cathode surface 


Tuminescence 
where cathove 


Stoney 
: yn also determined the charge to mass ratio {e/m) of electrons. He found that the ¢ in val 


proves that they travel in a straight line 
sed in the discharge tube. He concluded that electrons ary the fundamental parucies o 


no matter which gas was U: 


matter. 
us. _Why sit 


‘Atnormal pressure, 
reduced to decrease the number of gas molecules so that hindrance in the way 


cathode rays become minimized. At a pressure of 0.01 torr, the molecules are very solated anc apart from each 
__ other. This creates @ conducting medium for the passage of cathode rays. 
(ub. Whichever gas 1s used in the discharge tube, the nature of the cathode rays remains same. Why? 
‘ns, J Thomson concluded from his experiments that cathode rays consist of streains of negatively charged 
of electrons that is | 7588» 10 coutombskg* He 


particles. He also determined the charge to mass ratio 
discharge tube and found that the e/m value for 


performed many experiments by using different gases in. 
cathode rays remained the same no matter which gas was used in the discharge tube. Thomson concluded that 
all atoms contained electrons. This show that whichever gas is used in the discharged tube, the nature of the 


cathode rays remains the same 


sary to decrease the pressure In the discharge tube to get cathode rays? 


are congested in discharge tube When the pressure insce tne tude |S 
of movement of electrons of 


neces: 


the gas molecules 


Ns. 


Cathode ra‘ 
an opaque ob, lect 


| 
oo 
(4) Material Particles 
> These rays can drive a small ps 
is Also concluded from this experiment 
velocity 


path. This shows that these rays possess momentum. It 


addle wheel placed in thei 
1 rays but material particles having a definite mass nd 


t that cathode rays are no! 


CtrON? 
cles ot cathode rays. \t was 4 


(uc. Why e/m of cathode rays is equal to that of eles 
alue of electron. So it was 


series of experiments determined the e/m value of parti 


. This value was exactly same as that of e/m vi 
eam of negatively charged particles called electrons. 
hows that they are negatively 


electric and magnetic fields s! 


Wd. How the bending of the cathode rays in the 
charged? . 
ode rays move (1 straight line perpendicular to the surface 


Ans. Inthe absence of any electric or magnetic field, cat 
of cathode 


Ans, In 1897, J.J. Thomson by @ 
found to be -1.7588 x 10" C kg" 
concluded that cathode rays are str 


ee 


—— 


—— 


a ee 


J 
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| 


In 1895, J Perrin showed th: betwee hode 
a at when cathode rays are passed pol 
was deflected which showed that they have charge. = one ee ea 
. ™ 


'n 1897, Sir JJ. Thomson establ i 

ished their electric charge by the application of i 

deflected towards positive plate showing their riginie sivee: cape enes ai ™ sme "or 
DISCOVERY OF PROTON 


In 1886, German ph . 
fupatativa in physicist, Eugene Goldstein performed discharge tube experiment. 


A discharge t 5 ‘ 
calliede scharge tube provided with a cathode having extremely fine holes in it. Such a cathode is called Petforay 


Positive rays being produced 
as a result of ionization 


Cathode rays 
of gas molecules 


originating fram 
cathode 


Glow produced 
by positive rays 
To Vacuum 

pump 


(Production of positive rays) 
Working 
When a large potential difference is applied between electrodes, it is observed that while cathode rays ar 
travelling away from cathode, there are other rays produced at the same time. .These rays after passing through the 
perforated cathode produce a glow on the wall opposite to the anode. 


Canal rays or positive rays 


Since these rays pass through the canals or the holes of cathode, they are called canal rays. These rays are named 
as positive rays owing to the fact that they carry positive charge. 


Reason for the production of positive rays ; 
These positive rays are produced due to the ionization of the gas molecules in the discharge tube. When high 
speed cathode rays (electrons) strike with the gas molecules, they knock out electrons from the gas molecules and positive 
ions are produced which start moving towards the cathode. . 
M +e ——>M' +2e 
Properties of Positive Rays 
(1) Effect of electric and magnetic flelds . 
They are deflected by electric and magnetic fields. This shows that these rays are positively charged. 
(2) Straight line motion 
These rays travel in a straight line in a direction opposite to the cathode rays. 
(3) Produce flashes 
They produce flashes in ZnS plate. 
(4) e/m value ; 
The e/m value for the positive rays is always smaller than that of electrons and depends upon the nature 0 & 
used in the discharge tube. Heavier the gas. smaller is the e/m value 


sar's CHEMISTRY — XI (Subjective) 
gcho 


a fundamental particle 


i i vhen dischi 
mm value will be maximum wi large tube contains hydri 
oe particle obtained from the hydrogen gas. Hence the posite hess value of 
ane posit Tall the positive particles. This panicle is called proton, a name suggested tained fo 
proton is 1836 times more than that of an electron. es uy Ruther 


Fm" is the lowest for 


m hydrogen 
ras BAS 15 the 


‘Why positive rays are called canal rays? 


in discovered positive rays by using a pert 
€. Goldstein S 8 perforated cathode in discharge tul 
cathode rays are formed in discharge tube but some rays after passing through frail Rice par that not only 
aglow on the wall opposite to anode. Since the rays pass through holes or conals ak sa Cathode produce 
are called canal rays. perforated cathode, they 


itive rays for different 
‘The e/m value of pos! ay: nt gases are different but those f 
i IS roe lusty. for cathode rays the e/m value are 


# (e 
v 
mG 
“i O 
88S. Lighter the gas, 


in discharge tube { 


pasa ——__ cosltive rave obtained from midranen cn bake eS SSS 
OMe. The am value for positive rays obtained from hydrogen gas ts 1836 times less than that of cathode rays. 
Justify It. 


SSE. ot case oniv two fundamental banticlesie. cee crcanandan ce. eee 


“the hydrogen atom contains only two fundamental particles i.e. one proton and one electron 

When hydrogen gas is used in the discharge tube, the positive rays particies are just protons and cathode rays 
particles are electrons. Since, a proton is 1836 times heavier than an electron, therefore e/m value for positive 
rays obtained from hydrogen is 1836 times lesser than that of cathode rays. 


DISCOVERY OF NEUTRON) 


o formed by ionization of 

‘As positive rays are of gas molecules inside the discharge tube, ev 

nature of positive ion produced. Therefore e/m of positive rays depends upon nature aa Lp aalaly 
greater the value of e/m and vice versa. 
Whereas cathode rays are only electrons whose nature remains same whichever Bas 1s used 
So e/m value of cathode rays always remains same. No matter which gas is used. 


Proton and electron were discovered in 1886 and their properties were completely determined ull 1895 It is very 

to know that upto 1932 it was thought that an atom was composed of only electrons and protons. Rutherford 
predicted in 1920 that some kind of neutral particle having mass equal to that of proton must be present in an atom, 
because he noticed that atomic masses of atoms could not be explained, if it were supposed that atoms had only electrons 
and protons. 

Chadwick discovered neutron in 1932 and was awarded Nobel prize in Physics in 1935, 
Chadwick's experiment 


A stream of ot - particles produced from a polonium source was directed at bery\lium (Be) target. It was noticed 


that some penetrating radiation were produced. These radiations were called neutrons because the charge detector showed S 
them to be neutral. The nuclear reaction is as follows. 


jHe + {Be > a +hn 
(a —pamcle) - 
Actually a particles and the nuclei of Be are re-arranged and extra neutron is emitted, ' 


174 


ag, 
Polonium metal, » Bervttem tore! St 


Particles (¢ ne) Cine) 


Particles a 


Neutrous Charge detector 


O77 O> 
O- ©> 


; Bombardment of Be with a - particles and discovery of neutron 
Properties of neutrons 


DF 
(1) Free neutrons decay to produce a proton (.1P) with the emission of an electron( °\e) anda neutrino( $n) 
oN IP + Yee on - 
ri (2) Neutrons cannot ionize gases. 
(3) Neutrons are highly Penetrating particles. 
{ owen can knock out high speed protons from paraffin, water, paper and cellulose. 
neutrons travel with an energy 1.2 Mev, they are called fast neutrons but with ene | 
o ngy below lev 
i suerons Slow neutrons are usvally more effective than fast ones for the fission purpose. ‘recalled oy 
) n neutrons are used as projectiles, they can carry out the nuclear reactions. A fast neutron ejects an 
@ — particles from the nucleus of nitrogen atom and boron is produced, alongwith an a — particles . 
YN +n — $'B + fHe 
(7) When slow moving neutrons hit the Cu metal then y radiations are emitted. The radioactive Cu is ‘Converted ing 
‘azn 
3Cu+ on +> $Cuthv _(-y—radiation) 
3Cu > SZn+ fe ‘ 
Actually, neutron is captured by the nucleus of $3Cu and $Cu is produced. This radioactive Cu emits an electron 
particle) and its atomic number is increases by one unit. 
(8) Due to their intense biological effects, they are being used in the treatment of cancer. 
(9) Neutron is not having any charge but it mass is 1.6750 x 10-” kg or 1.0087 amu. 
[They travel with an energy of 12MeV.__| They travel with an energy less than IeV. 


They are less effective 


reaction. 
They mostly produce a-particles e.g. 
Reaction of fast neutron with '?N 


“'N+!n —9!' B+ $He(a —Paticles) 


in fission] They are more effective in fission reaction. 


They produce f and y-particles e.g. 
Reaction of slow neutron with $}Cu 


Scutin + Cu + hv(y—-rays) 
$Cu 9% Zn+ je(B-rays) 


Measurement of e/ta Value of Electron] 


introduction 


The e/m ratio of an electron was determined by J. J. Thomson using the following apparatus: 


yee 
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Measurement of elm value of an electron by J.J. Thomson 


working 
cathode rays are allowed to pass through electric and magnetic fiel 
sum of envode rs, consisted of electrons, prodces right luminous spt Pron te Muoenen asec Thee a 
south poles of magnetic field are perpendicular to the plane of paper in the diagram. The electrical field is in the lane of 
when only magnetic field is applied, the cathode rays are deflected in a circular path and fall at the point . WwW hen 
only electric field is applied, the cathode rays produce a spot at P). Both electric and magnetic fields are then applied 
simultaneously and their strengths adjusted in such a way that cathode rays again hit the point P, 


calculation . 
‘The value of e/m of cathode rays or electrons can be calculated by the following relationship 


Hey =mv/r 
or He =mvir 
or em =v/Hr (v= E/H) 
Hence em = EM 
¢ = charge on electron 
Where m = mass of an electron 
v = velocity of electron 
t = radius of circular path of electron 
H = strength of magnetic field 
E = strength of electric field 
Conclusion 


From above experiment, it was concluded that ¢/m value of electron is 1.7588 » 10’ coulombs kg This 
means that | kg of electrons have 1,7588x10"' coulombs of charge. 


@5 (a) Explain Millikan’s oll drop experiment to determine the charge of an electron. 


Measurement of Charge on Electron (Millikan,s Oil Drop Method) 

In 1909, Millikan determined the charge on an electron by oil drop method 
1 Instrumentation 
()Metallicchamber : 7 7 

The apparatus consists of a metallic chamber. It has two parts. The chamber is filled with air, the pressure 
which can be adjusted by a vacuum pump. ‘ 
(Hi) Electrodes : eee 

There are two electrodes A and A’, These electrodes are used to generate an electrical field in the space betwee 
the electrodes, 
* The upper electrode is connected to positive terminal of the battery. It has a hole init 
* The lower electrode is connected to negative terminal of the battery 


Chapter § (Atomic Struct, 
d 


y an atomizer. A few droplets passes through the hole in the top pla 
te 
ay 


(ll) Atomizer 


A fine spray of oil droph 
into the region between the chee porns : 
(iv) Microscope 
One of the droplet is observed thi 
; : rough a microscope. This droplet i 
direction of view, appears in the microscope, as a bright speck against a dark ae Perpendiculariy 4, 
Meal 


Millikan’s oil drop method for determination 
of charge of electron 


2. Working 
(i) In the absence of electric fleld 


The droplet falls under the force of gravity without applying the electric field. The velocity of the 
determined. The velocity of the droplet (v,) depends upon its weight, mg. shia 


vy, omg (i) 
Where m = mass 
-4 g = acceleration due to gravity 


(Il) In The Presence Of Electric Field 
After that the air between the electrodes is ionized by X-rays. The droplet under observation takes up an elector 
and gets charged. Now, connect A and A‘ to a battery which generates an electric field having a strength E. The droplet 
moves upwards against the attion of gravity with a velocity (v2). 
v,«Ee-mg_ ...(ii) 
Where ‘e’ is the charge on the electron and Ee is the upward driving force on the droplet due to applied electrical 
field of strength E. 


3. Calculation 
Dividing eq. (i) by (ii) 
A pen 
v, Ee-mg 


The values of v, and v, are recorded with the help of microscope. The factors like g and E are also known, Mass 
hat the droplet is suspended in the chamber 


of the droplet can be determined by varying the electric field in such a way t 
Hence ‘e’ can be calculated. 


4. Conclusion 


By changing the strength of clectrical field, Millikan found that the charge on each droplet mie 
smallest charge which he found was 1.59 * 10 ¥ coulombs, which is very close to the recent value of 1.6022 
coulombs. The smallest charge on any droplet is the charge of one electron. The other drops having more U 
electron on them, have double or triple the amount of this charge. The charge present on an ¢ 
of electricity that has been measured so far. 


AE Ce ie: 
Tal erry J 


t was different. Te 


than one 
lectron is the smallest char 


yale 417 


oe 


electron F 1 
mass f charge On electron is 1.6022 = 10°"? coulombs, while 


a} 
tt 6922x10" COMIOMPS _ 1.7588x10"" coulombskg” 
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¢/m of electron is 1.758 
8 * 10" coutomibs kg" 
kg! So, 


el lectron 
Le yass of el 
A Mi uten 1.6022 10"'% coulombs 
Mass of elec! 1.7588x10" coulombskg™ 
gesrnine Mass of electron = 9.1095 « 107" kg 


Properties of Fundamental Particles v 


<a 
J, J, Thomson Eugene Goldstein 
ae 1886 1886 
ncn 1.6022 « 10°C 


+1,6022 « 10°C 
9.1095 « 107"kg 
5.4858 « 10 amu 


1.6726 « 10" kg. 
1.0073 amu 
1836 times 


1.6750 « 10°" kg 
1,0087 amu 
1843 times 


Rutherford’s atomic model Is based on the scattering of a — particles from thin gold foil. Discuss it and explain 


) 
. the conclusions. 
— Rutherford’s Atomic Model (Discovery of Nucleus} op ere * oy 
rod 
& 
In 1911, Lord Rutherford discovered nucleus along with 4 
Marsden and Geiger Counter by performing a classic wPo— [pPbt | He(a- particle) v 
experiment. o Yo ’ 


‘A beam of high speed ct -particles emitted from a radioactive metal (radium or polonium) was directed onto a 
gold foil of0,00004 cm thickness as target through a pin-hole in lead plate. A photographic plate or a screen coated with 
tine sulphide was used as a detector. 

Observation 

Whenever, an c-particle struck the screen, a flash of light was produced at that point. From experiments, he 
observed that: 5 
* Most of the particles went through the foil undeflectéd. 

* Some were deflected at fairly large angles. 
* A few were deflected backward. 
Condlusion - 

___ Rutherford proposed that the rebounding particles must have collided with the central 
which he called as nucleus. 
Panetary model of an atom ‘ 

the basis of these paternal observations, Rutherford proposed the planetary model (similar to hs sa) a) 
‘atom in which a tiny nucleus is surrounded by an appropriate number of electrons. Atom as a whole ing pe 7 

fore, the nucleus must be having the same number of protons as there are number of electrons surrounding 


heavy portion of the atom 
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can emit OF absorb energy only in terms of quanta. 
ii E =hv . 


=... of waves passing through a point per second is called its. frequency.” 


(Rutherford's experiment for scattering of a - particles) 
Postulates of Rutherford’s atomic model ts symbol is O- a Tretreg = 
© Most of the a: 5 2 swat . ss ge hertz, cycle/sec, revolution/sec. wency of the 
papiaestae straight undeflected showing large area of atom is empty ars unies BFE y ys ional to wavelength. fadiation having wave oe 
7 eee “paructes showed that some massive object is present in the centre of atom called nucleus. passione HIS 1 number 10m is LV 
2 5 e Paracles except electrons are present in the nucleus called nucleons. vey ‘ : (a) 10s' (0) 310% le 
Jectrons (extra-nuciear s x 
“ Particles) are distributed outside the nucleus and they could not be stationary {e) 3x10 5" (a) 3x10" ¢ » 


é The mamber of electrons ts equal to the number of protons. Therefore, atom as a whole is neutral 
‘ Defects of Rutherford’ s Atomic Mode! 


Se  verncen the adjacent crestor tough is called waneength” [Ans (d)] a * 
A (ree 7!) } 
¢ Hie y-4 


() This mode! was based on law of gravity, but the laws of motion can be applied to the neutral parti plesets units are A. nm oF Pm 
z ry. particles like bs ry 
‘ are not applicable on charged parncles like electrons and protons -_ igs symbol is lambda. (.) i, 
f G8) The mowmng ciectron must be accelerated towards the nucieus. Therefore. the radius of the ha his inversely proportional to frequency. vecS = Sei tet i0's 
; become smaller amd smaller and the electron should fell imto the nucleus. Thus. an atomic structure as proposed by Rao D4 
{ Ramerford would collapse - | is ws about the ature of radiation . Different radiations have different i 
- 7 : about wavelengths t 
-~s Gecace es AF 
\ “Number of waves per unit length is called wave number.” % 
« SRY at tie a vw ER = ass nits ae cm, om ete 3 
Nyc, z spabat: iis denoted by D. & 
{ ~ a 


Relation: It is equal to the reciprocal of wavelength 
oot 
a 


tatsting energy of a photon to v, D and Xd 


fl creempele fcomvasiperarerh Ping the value of © in equation T= 
Gam) Tre electron comtmucusty smohes wound the eaciens radiating energy, but its spectrum macad of beng ig a F f 
commrnusss. 6 fine specu E “> rf 
War Mamet progeses Se gear Teor = 00 12 explain the emission and absorptice of radiation. The main pots We get” E =hdD ; = 4 
cevoilumomar> Plamck”s quamtumt theory are 2s follows: So greater the wave number of photon, greater is the enengy associated with it 
Energy ¢ uot emmed or absorbed commmousty Rathe-. i is emimed or absorbed in a discontinuous Aewplitude (a): 


“tris the height of crest or depth of the trough of a wave.” 
* is generally expressed by the letter ‘a’ 
* The amplitude of a wave determines the intensity of radistion. 
Velocity (c): . 


The distance travelled by a wave in a second is called velocity of the wave. 


smoutt of cuerEy in case of light. the quarnum of energy is often called photon. 
») The amount of energy associated with a quantum of radiation ts 
rear 
Exv 
E=bo 
Where b= Pianck’s Constant and its value is 6.626 * 10°~ Js 
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AT Tae E's 
Mass of an electron =m 


u Velocity of the revolving electron =v 


Radius of orbit ce 
= Coulomb's law, the electrostatic force of attraction between nucleus and electron is given as 
Ze 
icfore = —4~__ gy 
Electrostatic force tres? (i) 
Zee Ze 
4xe,r 4ne.r Uc 
a . 7 : | 
E meer n order to remove defects in Rutherford model and to explain origin of spectral lines, Bohr introduced hj is the Pe nisi voces oe be ae ae oo ° " & 
MS Atomic | phere ot cree. 
fu 2 
Base ae oon ifugal force = = (ii) 
This model was based on Planck's quantum theory. oe conditions, : oe bs : 
The main postulates of Bohr’s theory are: sc , we 3 
( 2 : | 
4 ') Electron revolves in one Of the circular orbits outside the nucleus. Each orbit has a fixed energy and ‘ i 
‘ @ quantum number is assigned to it ; ‘i \ 
tH (i) Electron present in a it nei 
Particular orbit neither vl 
i etalon. coh onre z emie nor absorbs energy while moving in the same fixed Onbits. The 


lectron jumps from one orbit to another. 
the energy change AE is given by the Planck's equation 
ASE = E,- E£, =hu 


(int) When an electron jumps, 


(iv) Electron can revolve ont 


. ‘ é " ion (iv), the radius of a moving electron is inversely proportional to the square of its velocity. It ¢ 
ly in those orbits having # fixed angular momentum (mvr). The anguli to equation (iv), : 
orbit depends upon its quantum number and it is an integral multiple of the factor h/2n i.e io the idea, that electron should move faster nearer to the nucleus in an orbit of smaller radius. It also tells, a oY 
4 h that if hydrogen atom has many possible orbits, then the promotion of electron to higher orbits makes it move with less i 
= 1 “ 
png On veefaemmination of velocity of an electron is possible while moving in the orbit. In order to eliminate the factor of . \ 
where n= 1, 2, 3 velocity from equation (iv), we use 4th Bohr postdlate. According to Bohr, angular momentum of the electron is given by f 
, Ay Ss eee oy bi 
The permitted values of angular momenta are, therefore =” On ¥ 
ho o2h 3h : na P 
2n' 2n' 2n We Seer y 
aia The electron is bound to remain in one of these orbits and not in between them. So angular momentum is quantitized. $ mh? 
SSS Sow ———y> Taking square ve me 
(b) Derive the equation for the radius of n® orbit of hydrogen atom using Bohr’s model. ial 
—— a aawawowllElSESSSSE_pEp_sE..E EE  — —————_—sS 


Putting the value of v? in equation (iv), we have 
— Ze atm? 


Derivation of Radius of Revolving Electron in nth Orbit 


4xe,m wh? 
mv’ A 
Centrifugal ees 1 Ze nmr { 
m = 
Force of é . €& ah? ’ 
attraction a2 
= —le! rath |W 
Mes Vv amZe 


For hydrogen atom Z = 1 , so the equation for radius of H-atom is 


r= at (ste « (vi) 
xme ® 


(Electron revolving in an atom with nuclear charge Ze+) 
(WZ = 4, then the picture Is for H - atom) 


For a general atom, consider an electron of charge “e” revolving around the nucleus having charge Ze” 


m = ‘ i! STRY — XI (Subjective) 
According to th juare imber : 
'¢ Equation (vi), the radius of hydrogen atom is directly proportional to the orb ge 
sqi of n Of orh;, () é 


So. higher orbits hay, 
© more radii and vi 5 h? 
fit vice versa. The collection of parameters (#5) in equation (i) is a 6 4ne.r 
; ~ Pax that the potential energy of electron dec: 
ne nits sign ies: At infinity, the electron is eol,being scvaread be belebek ata infinity to a point at a 
H Sih 205294-=0529%10-%m Mee areas a point nearer the nucleus, it will be aaced bythe mcleus Bod the rete energy of the 
: ame : : em 8 ae quantity less than zero is negative. For this reason potential energy given by oe becomes 
id Putting th &h* . ere A i i ’ He reealive 
i ig the value of Siac 1n equation (vi), we get : . 
oa r= 0529 A xn? (ii) fr owe 
(i) Putting the 5 
8 the value of nas 1, 2,3, 4,...... the radius of orbits of hydrogen atoms are ~-) 
j a= 1 = 0.529 A : ' gets , 
= ‘ _ inate the factor of velocity from equation (ii), putting the value of mv’ from following equation. 
4 ane f= 0.529 «(2 =2.11A : m tom marae. 
, | ac 15 = 0.529 x (3)'=4.75A 7 abe 
B ? i 
+ n=4 r= 0.529 (4 =8.4 A ' gp --4- ze 
7 ‘ 8xe,r 4ne,r 
a Fs = 0.529 x (5)°= 13.22 A 2 2 
(ii) The comparison of radii shows that the di its of hydrogen atom ze’ —228 
id istance between orbits of a ‘, Es 
from Ist orbit to higher orbits. The orbits are not equally spaced. Boes on mereasing 88 We move Bnet 2 
(i) Second orbit i —  A-n<n-n<n! ee. : - jai a Ze ii ¢ 
on it is four times away from the nucleus than first orbit, third orbit is nine times imi Simplifying 8ne,r & 
wa 4° orbit is sixteen times Sons, y cleus than first orbit, third orbit is nine times away and similarly the ee 4 
wae SoD } 
Q8 ___Derive the formula for calculating the entergy of anelectron fn” orbit using Bohr’? model, Since er xmZe® 
Energy of Revolving Electron eases! Pacing the value ofr from above equation ino. (i), we get k 
5 a Z 4 ‘ . 
The total energy of an electron in an orbit is equal to the sum of kinetic energy and’potential energy. EB, = “sata iv) 4 
E = Exineue + Eporesea! ba 
Pius where E, is the energy of nth orbit 
K.E. = mv" For hydrogen atom, the number of protons in nucleus is one, so (Z = 1). 
The value of potential energy can be calculated as follows: an 24 em 
. 2 8e, oh? 
The electrostatic force of attraction between the nucleus and the electron is given by ri Ze =" % : va 
ef a2] ae 
: Beh’ Ln 


If electron moves through a small distance dr, then the work done for moving electron is given by 


Work done = Force x distance 
The factors outside bracket are all constants. Putting the values of these constants, we get 


2 
Work done «_% zxdr 2 
oe Om w 217810" 

In order to calculate the potential energy of the electron at a distance r from the nucleus, we calculate the total work done teh ‘ hig 
for bringing electron from infinity to a point at a distance r from the nucleus.This can be obtained by integrating the Thecomat; ‘ — 
above expression between the limits of infinity and r. - ' ara; ed “oEp z Sas aaa enact , z j 

(Ze Ze Ze? | If Ze (1 ze Ey =2.178 * ws) aiwi) 

Sai ae ates; “Fh 4me,( 1) 4xe,r i i A nth orbit of hydrogen atom. Its negative value shows that 

0 os ol Tle 0 0 This equation gives the energy associated with eectrn in ae hoi ype mucus, Actually, the eleton hasbeen 


4 The work done is the potential energy of electron, so ¢lectron is bound by the nucleus i.e. electron is under 
brought from infinity to distance r ftom the nucleus. 


. 
g 
4 
t 


E, = _2.178«19"" wan 
~~ 1000 *6:02*10?}—— Hkmot 
~ 1313315 : Fi 
E mor" -(vii) 


As one mole of H = 1.008 g. So 1313.31 


=" kimot™ is the iated wit 
; energy associated with 1, 
Of atoms of hydrogen. 2 ; ESE Ne AN ate num; 
Substituting the value of n as uation 
1,2,3,4, 5, ete. i ion (vii nergy associated wi lectron 
Ist, 2nd, 3rd, 4th and Sth orbit of H-atom ace highs aia Paver i 
E, = —/313.315 
1 =~ = -1313.315 ky mol! 
(yy 
= _1313.315 
E, ~~ 7328.32 Kd mor" 
1313.315 
E, = -—=~ __ 
oF 145.92 kJ mol 
1313.315 
E = -——__ = _ ie 
(ay 82.08 kJ mol 
1313.315 
E; = -—=~ . Ba 
i oF 52.53 kJ mol 
The values of energy differences between adjacent orbits can be Energy associated electron 
calculated as follows: ore ‘tea : 


various orbits in hydrogen atom. 


E,-E, =(-328.32)-(-1313.31) 
= -328.32 + 1313.31 = 984.99 kJ /mol 
E, -E, =(-145.92) - (-328.32) 
= -145.92 + 328.32 = 182.40 kJ/mol 
E,—E; = (-82.08) —(-145.92) 
= -82.08 + 145.92 = 63.84 kJ/mol » Prey Rei 
The differences in the values of energy go on decreasing from lower to higher orbits. 
E, — E, > E;- E) > E,-E;>...... 
The energy difference between first and infinite levels of energy is calculated as: 
E., — Ey = 0 - (-1313.315) = 1313.315 kJ mol” 
It shows that 1313.315 kJ mol"! is the ionization energy of hydrogen. This value is the same as determined 
experimentally. : i . 
Caution 
The above values show that the energy differences between adjacent orbits of Bohr’s model of hydrogen atom go 
on decreasing sharply. Keep in mind, that distances between adjacent orbits increase. 


Q7a. Which postulate of Bohr’s atomic model tells us that orbits are stationary and energy is quantized? 


Ans. 1st postulate of Bohr’s model: 
“Electron revolves around the nucleus in one’of the circular orbits. Each orbit has‘a fixed energy and a quantum 
number is assigned to it.” 


CHEMISTRY = XI (Subjective) 


gor’? 
IIs us that 185 
postulate tells us that an orbit is stationary. By putting the vai 


so, 1st ue of n= 3,2 
radius and energy, one can find the radius and energy corresponding to he “3 in Bohr’s equation for 
tving. In other words, we can say that orbits are quantized. DIT in Which an Sestten 


revo! ' 
pow does Boh’s equation tell you that? 
Ge  padius is directly proportional to the square of the number of orbit. 

y according to Bohr’s equation 


where €,,h", %, m, € are constant values. 


By putting the values of these constants and solving Bohr’s equation we obtain 
2 9 
=0.529 A 
Zz 


This equation simply relates radius of an orbit with its Principle quantum number as 
is v 


So, we can say that radius is directly proportional to the square of number of orbit (n). 


How does Bohr’s equation tell that radius is inversely proportional to the fumber of protons in the 


‘ans. According to Bohr’s equation: 


€yn7h? 
he 


where ¢,,h’,'%, m, e are constants. 


By putting their values in equation, we get 


5 : hh x<-— 
Z 
[Zis the number of proton in nucleus) 
We can conclude from the above relation that greater the number of protons (Z) in nucleus, smailer will be the 
radius and vice versa. 


eee oo 
Q7d. How do you come to know that the velocities of electrons in higher orbits are less than those in lower orbits 


of Hydrogen atom? 
| 
Ans. According to Bohr’s equation, a moving electron in an orbit faces two equal but opposite forces i.e., a centripetal 
force and a centrifugal force. 


Ze _ my? 
4ne, ? oor 
1, dxeg ew? 
Roo aes 
so r . 


He 
ere Z, e, m, €,, mare constants for hydrogen, so 


rx 
z 
| This equation shows that the velocities of electr 
Nicoam ston ng icencee electron in high orbits are less than those in the lower 
scsi that the distance gaps between orbits go on Incressing from lower to haher crane ; 
i Ans. — Bohr's equation for radius r, = Son7h? 


nmZe* 
After solving the values of constants 


2 
Bohr’s equation forr, =0.529"-A 
4 
To prove the asked statement, we can apply this equation on Hydrogen atom. 


Z for hydrogen =1 
n=1, 2,3, 


: . r= 0.529A 
‘ n=2nAd 
, 5 =4.75A 
; 284A 
n=5 , r= 13.22A 
Now, we can calculate the distance gaps between two orbits i.e., 
n-1,=2nA-0.529A=158A 
t)-12=4.75A-2.1A=2.64A 
te—ty=8.4A-4.75A=3.65A 
f,—t_=13.22A-8.4A=4.82A 
We can say that distance gaps between orbits go on increasing from lower to higher orbits. 
(rz = Fa) < (ty — Fa) < (fa — 83) < (Fs — Fa) 
Q8a. Why potential energy of bounded electron Is negative? ‘a 
Ans. 


-4 


At infinity, the electron is not being attracted by anything and the potential energy of system is zero. Whereasz’ 
a point nearer to nucleus, it will be attracted by nucleus and potential energy of system becomes less than zen 
(Attractive forces decrease the P.E.) 

The quantity less than zero is —ive therefore P.E.. of electron is.negative when it is. brought from infinity to1! 
point-at a distance ‘r from nucleus. ; : 


Q8b. Jotal energy of bounded electron Is negative. 


Ans. We know that total energy of a system is sum of its potential energy and kineticenergy. * 
E=K.E.+P.E. 


By solving the K.E. + P.E. for electron the values, we get 


2 2 
E | 2) [a 
8nxeE,r 4ne,r . 


as value of P.E. is greater so its negative sign is used with total energy by subtraction ~ 


s CHEMISTRY - XI (Subjective) 
Ze 
Bnet 
So, E, has a —ive sign. 


es 
ase. those of the lower orbits. 


According to Bohr’s equation for energy of electron 
_ met 
82 n7h? 


t 
for an atom values of m,Z,e,.¢,,hare pacer = E 
€ ! = 
— 
nm 


the above relationship, it is concluded th 

ie irae lat smaller the value of n, greater will 

Less negative values are actually larger while more Negative values are smaller 

For hydrogen Z = 1 the values of €,, E, are as follows 

for n=1, E, = -1313.315 kJ mol” tt 
n= 2, €, = -328.32 i mol” : 

— 328.32 kd mol” (E,) value is greater than -1313.315 ki mol” (e,). 


asd. The Energy difference between two adjacent levels goes on decreasing sharply. 


ans. According to Bohr’s equation E, is —= 


Ans. 
E, 


be the value of € with we 


1 = ~ 
E, = -1313.315 [=e i {2 for H = 1) 
n 


Substituting the value of n = 1, 2, 3, 4, % 
E, = -1313.315 KI mol” Ff é 
E=-328.32Kmol" ah ; 
E, = -145.92 kd mol" r ¥ 
E, = -82.08 kJ mot 
Values of energy difference between two adjacent orbits can be calculated as 

E, — E, = (-328.32) — (-1313.315) = 984.99 kd mol” 

£, — E, = (-145.92) — (-328.32) = 182.40 kJ mol * 

E, — E, = (-82.08) — (1459.2) = 63.84 kJ mol” fy 
We conclude that energy difference between two levels goes on decreasing from lower to higher orbits a 

(E,- €,) > (E, - £:) > (Ex-E,) >. 1 

(I) Give an expression for energy difference between two levels, n, and n, for hydrogen atom. y 
Ans. According to Bohr’s equation 


sorone WE CAN Calculate 


Qga. 


a 


& mZ°e! 
. Bet hen? ' 
We can deduce the values of € and €; for n, and ny 8s follows: 


5 
ci 5 (Atomic /s CHEMISTRY - XI (Subjective) 
A AF2: &,=- me* eee a ae ee | 
4 8e2 h?n3 number of protons in H nucleus «4 189 
4 OE = €,-E, Force of attraction between two protons of He" for o 
: We can say that rotor and one electron in H-atom. Therefore, size fete ical 's greater than force of attract 
¥ F we can prove this by Bohr’s equation as well. ‘smaller than H-atom. 'On between one 
; ae =|—=me*_|_{_-me* no 
Belned) (Bel wa? e  0sryt 
ae 2 met ([$ tt radius of first orbit for both atoms is 
2 7 2 ° 
= 8h? |n? at “= 0.5291 = 0.5294 
Q9a. (ii) How expression 
for AE from Bohr's ¥ 
equation can be used to calculate the frequency of s = 0.5294 =02685A 
4 Ans. — According to Bohi = te 
W's equation i 
} ae = hw......{i) ESSE 
‘ The energy difference between two levels n, and n, is arid. Do you think the size of U7 is even smaller than He" lust ¥ with calculations. 
Zmet{[ 1 1 f Li”? | h 7 
AE = eS Yes size 0 is much smaller than He" because of diff 
i 2 nla? a? la rons for both atoms. difference in forces of attraction between nuciei 
j eh?{n? ni} elect in ae 
But = Z=1(f Number of protons in Li? = 3 ‘ 
‘ 1( i Hydrogen atom) Number of protons in He” =2 
AE -—me jd ot (ii) Ur nucleus holds the electron tightly so its radius is smatier than He’ 
| Beth? /n? 13 ie frean be proved mathematically s 
3 \ 
We it ' ne 
can substitute the ven of AE from eq. {i) in eq. (ii) ne 0529 A (Bohr’s equation for radius} , £ 
aye Se fy . qt 
-4 8e2 [4 ni? “fyyr 0.529% = 0.2645A (22 for He") tC 


- [5-4] 
82h? ni} ni} 

So this equation shows that the frequency of the 
Qga. (iii) How wave number of the photon Is calculated from Bohr's equation? 
Ans. ‘According to Bohr's equation for frequency of a photon . 


s when electron j 


“2 oe met fd [.ve dl 
8e2h? n} n} 7 : 
emt ft 
seh? n} 3 
5 some it . 
se? hc ni? 3 


‘after calculating the constants of the equation we obtain 


D = 1.09678 x o|s - fe" 
mn 


ny 
So wave number of photon can also be calculated. 


Qna. eae cam and ue" ae mone eicrore syrar but te sano euch sates at SE = 
ctron, yet size of He 6 


mono electronic system means containing one ele 


Although both H atom and He’ are 
smaller than H because 
Number of protons in He’ nucleus 


Ans. 


=2 


(2=3 for Li?) 


2 
figs 205294 = 0.176A 


So PR ot 
from n, to n, orbits. Tues 7h 


“A visual display or dispersion of components of white light when it is passed through a prism is 


called spectrum.” 
The study of spectrum is called spectroscopy. The instrument used to analyze spectrum is called spectrometer 
Explanation : 
When a radiation of light is passed through a prism, the rac" >" undergoes refraction or bending. The extent of ¥ 


Geriwavelength isibent 10 2 smaller degree than 


bending depends upon the wavelength of the photons. A radiation 
‘tions of all wavelengths. After passing through 


the radiation of a shorter wavelength. Ordinary white light consists of 


the prism, white light is splitted up into radiations of different wavelen us. § 

The colours of visible spectrum are violet, indigo, blue, gr cllow, orange and red and their wavelengths { 

pd from 400 nm to 750 nm. These radiations are called visibl. lig! ations because our eyes can detect only these 
lations: 

F 


Radi vave 
Micro wave 
Infrared (IK 
Visible 
Ultraviolet (LV) 


tescent objects 
vulbs, sun rays 


Le vulbs, sun fay __ 
Sun rays, it ys with mercury Vapours 


Cathode rays Striking metal plate 


= 


cece el 


‘ 
< 
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Energy being emitted 


In addition to v egion of the spectrum, there are seven other regions. Ultra-violet X-rays, y-r: Atoms 
10 visible reg, ¢ spec y a 
ion of trum, t 1 gions. Ultra-violet X. ” a 
» CEAYS and cosmi. 


fays are towards the lower \ j 
ithecside cee vob ee end of the spectrum and they possess the photons with greate 
Sakon ae ‘gion, there lies infrared, microwaves and radio frequency regions. The “ T energies. Oy cise! 
clechomapon pinot in the decreasing order of their wavelengths or increasing order of their freavers reas a 
tes 
= a S is Calley ‘ssa boetaien {Atomic emission spectrum) 
Continuous Spectrum ; 
s 2 Line Spectrum . ca : 
beam of white light is passed throu 7 : t 
i oa a ‘ we ont tie Se en ae mes Essel ample st an clement, the element absorbs cert t ‘ 
In this ¢ of . jength> i sths of the radiati : scien beet Ai “ : 
other. One colar hagas inl eaoth pouniny line beewern the colours cannot be marked. The colours diffuse in wi . The hoe $9 radiation that have been absorbed by the element ayer w dae =a th 
er without any dark . conti . . . ~ 
ry space. The best example of continuous spectrum is rainbow ae peck ” ca i . 


obtained fr ¢ i i 
rom the light emitted by the sun or incandescent (electric light) solids. It is the characteristic of matter in bulk Increases was 
ul vel 
ic Hength 


(2)4)ne spectrum (atomic spectrum) 
Electromagnetic 


a When an element or its compound is volatilized on a 
lame and the light emitted is seen through a spectrometer, we : Y 
see distinct lines separated by dark spaces. This type of spectrum = Secooee y 
is called line spectrum or atomic spectrum. This is characteristic oe on ) 
on an atom. Each element bas its own line spectrum. The number a a n 
of lines and the distance between them depend upon the element Seine a 
catatilised of emission and absorption spectra , 
Atomic spectrum can also be observed when elements in i La rua eet Harsh we 
ing to note vavelengths of the dark line in the absorption ‘trum of stance are ‘ ! 
Ss state are heated at high temperature or subjected to an Wye of the wavelengths of the bright lines in the emimion spectrum of the same ssn et ae 
electric discharge. tn emission spectrum these lines appear, bright because the corresponding wavelengths are being emitted by the clement { v 
2 they appear dark in the atomic absorption spectrum because the wavelengths are being absorbed by the clement | 


Examples 

© Line spectrum of sodium contains two yellow coloured lines 
separated by a definite distance. 

¢ The spectrum of hydrogen consists of a number of lines of 
different colours having different distances between them. It 
has also been observed that distances between the lines for 
the hydrogen spectrum decrease with the decrease in 
wavelength and the spectrum becomes continuous after a 

in val avelength. 
certain value of waveleny Visible region The visible and other regions 
Wavelength inc of spectrum 


inam 
(Atomic spectrum of hydrogen) ‘ white light of sun and light | 4. Examples. (i) Spectrum obtain 
| fen mninentestes eutt_  eSSS 


‘03. ‘What Is spectrum? Differentiate between continuous spectrum and line spectrum. 


w 1 108 2000 900 400 


a A visual display or dispersion of components of white light, when it is passed through a prism 1s called 
spectrum.” 
Comparison of continuous and line spectra 


Line spectrum 


1. inthis spectrum, we see distinct colou #4 lines 


Continuous spectrum 


2 
310") 4.0010" [78210° 
ane 


1. In this spectrum, the boundary line between 
the colours cannot be marked. 


3510" 3210" 38210" 9x10" 


_ Distinct coloured lines are separated by dark 
spaces. 4 
3. Mis the characteristic of atom 


ed from H, (ii) Na+ 


Types of Atomic Spectrum 
‘There are two ways wi which an atomic spectrum can be viewed. Gol. COREG Une Eniion and line absorption spect. 
ps Sos Scanaaek R as, Differences between emission and absorption spectra 
‘ F a 
esau aageetrotecanete temperature or subjected to an electrical 1 — can through 
: inst 8 . It as spectrum formed by elements oF land : ni y ne coe 
f wavelength pass thrown it 


When solids are volatilized or elements in their gaseous states are heated to high 
re emitted. The spectrum of this ra 


discharge, radiations of certain wavelengths ai 
mission spectrum. 


compounds when they are heated in flame 


diation contained bright lines agai 
Subjected to electric discharge 


wavelengths, rest 0} 


dark background. This is called atomic ¢! : 33 ; 
(i) Each element has its characteristic spectrum just as each individual has its characteristic finger print. 
(1i) Each line in the.spectrum corresponds (o & particu’ 


lar wavelength or frequency. 


Chapter § (Atomie’s 
truety 
te) 


2 
Sample is in gaseous and excited state. 


2. Sample is in gaseous, liquid or solid state 


3. 
Spectrum of this fadiation consists of bright 


ives agateatin dick backeesincl 3. Here spectrum appears in the form of dark 


on bright background. lines 


(b) Similarities of emission and absorption spectra: 
(i) Absorpti 
i rption spectrum is the photographic negative of emission spectrum. 


‘he dark lines in absorption rum ai rs exactly same position where the bri 
; ion spectrur ai i he iti hi 
me ppe: attl Positi ight lines appe; 
(iii) Both re finger rin if atoms of various elements and help in identification of lei 
spectra are actually the finger prints of atoms of is eleme: id help in identification of e) 
ents, 


: Atoms or molecules 
i svar Increases wavaleng, 
radiation —e- [ Detector] 
‘ wast 
, { ote through 
(Atomie absorption spectrum) 


Qioc. What Is the origin of line spectrum? 
Ans, 


According to Bohr’s atomic model, the energy of an electron remains constant in an orbit. If it Jumps to highe 
orbit, It absorbs energy and during de-excitation it emits energy. Absorbed energy Is In the form of dark rtd 
obtained In absorption spectrum while emitted energy Is In the form of bright lines of emission spectrum. in this 
way line spectrum Is formed. : 


-4 
The omntned 


The electron emits of absorbed the energy 
‘during changing the orbits 


Hydrogen Spectrum 


Hydrogen-spectrum is an important example of ato 
low pressure a bluish light is emitted from the discharge 
several isolated sharp lines. ‘ , 
These are called spectral pes. The wavelengths of these lines lie in the visible, ultraviolet and infrared. regions. These 
spectral linés can be classified into five groups called spectral-series. These series are named after their discoverers 
shown below: : 
(i) Lyman series (U.V region) 
(iii) Paschen series (1.R region) 
(v) Pfund series (I.R region) x sot gsi 
The first four series were discovered before Bohr’s atomic model (1913). The wave numbers (m ) of the series of lv 


hydrogen spectrum are given in the table below. 7 ~ 
It is seen from the table that as we proceed from Lyman series to Pfund series, the wave numbers (m ) of spectral 


decrease. The lines of Balmer series have been given specific names as Ha, Hp, 


mic spectrum. Hydrogen is filled in a discharge tube, Ata very 
tube. This light when viewed through a spectrometer shows 


fii) Balmer stirs (visible region):« 
(tv) Brackett series (IR region) 


ay #4 
YZ s 


see 
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Wave numbers (m”*) of various series of hydrogen spect: 
rum 


Balmer series Paschen series 
(Visible region) (IR region) 


15.21 x 10° (Ha line) 5.30 x 10° 


20.60 x 10° (Hp line) 7,80 x 10° 
23.5 x 16" (H, line) 9.12 x 10° t 
24,35 « 10° (Hy line) 9.95 x 10° ¢ 
25,18 x 10° ‘ 
t 


jrogen Spectrum on the Basis of Bohr’s Model 
cording to Bohr, electron in hydrogen atom may 


of 
Accord 
any orbit depending upon its energy. When hydrogen 


subjected to an electric discharge, its electron 
lower orbit to higher orbit, absorbing 


re 
Larseee [2 [906.5 | vinti pon_| 


. Electronic transition in hydrogen atom 
and series of spectral lines, justified 
by Bohr's model of atom 


[5.6 fed ao | 
Lpertesetes [4 [5.6 | ined en 


Calculations of Wave Numbers of Photon of Various Spectral Series by Bohr’s Theory 
The wavelength (2) or wave number (0) of a spectral line depends on the quantity of energy emitted by the electron. 
Suppose an electron jumps from a high energy orbit n; to a low energy orbit ny and emits a photon of light According to 


t 


Bohr's equation: 
Energy of electron in nj orbit is: 
Ze'm 
E, = -—> 
Benth 
Energy of electron in nz orbit is: 
Ze'm 
EB =-—s 
2 be nth? 
The difference of energy between the two orbits is ’ 
AE =E;-E) 
2 
AE = [- a 
8e, 
Ze 
AE = 


194 


Chapter 5 (Atomic 
Struct 
M ae : 
i) 
For Hatom Z = 1 
Vand + = 2.18 10°'"J (By putting the values of constants) 
>, 
Putting these values in the above equation, we get 
AE = 2.18x oft -+ |route ...ci) 
With the I a pe , 
ith the help of equation (ii), the energy di 
h the h q . ‘By difference between any tw i ~ 
lower level and n; is higher level. It is not necessary that n, and °; wakieoiotes. Serene as 


Since ME =hv 


«+ (iii) 


For H-atom Z = | 


...(iv) 


Frequency has the units of cycles s' or Hertz (Hz) (1Hz= cycle s') 


This equation gives us the freqdency of a photon emitted when electron jumps from higher orbit to a lower orbit in the H. 
atom. The frequency values go on decreasing between adjacent levels. 


Wave mbe 
Since v =cd 
Therefore, equation (iii) becomes 


For H-atom Z = | 


44) A) 
nfm 


are constant and have been calculated to be 1.09678 * 10’ m’'. This is called Rydberg constant 


4 


All the terms in —7—> 
Bev he 
So, equation (v) becomes 


f * 
b= 10967810") Je weed Vi) 
a; 


mn; 
of wave number of photons emitted or absorbed when the electron jumps betwe 


ery ny and ® 
Equation (v1) gives the values 
orbits. 

Let us calculate the wave number of lines of various series 


First line 


n. = (lower orbit) 2 (higher orbit) 


. aah CHEMISTRY - XI (Subjective) 
se 


B= 1ove7exio| tit | 
aH ni | = 82.26 « 10° 
ni ny=3 
1 
B= Losers te . 2% 
Ty a 97.49x10'm 
iting line n= 0 t a 
ne! ‘ We 
=e ‘i z 
B= overex = 109.678 « 10° m ‘ < 
: ' 
simp line 1S developed, when electron jumps from infinite orbit to, n = 1 G 
usitine ne values of all these wave numbers lie in the U.V. region of the spectrum. It means that 7 
som falls Fromaal ME possible higher levels ton, = 1 then the photon of radiation lie inthe range ot UN nea Vas 
rewion y 
a ae 
first 22 (lower orbit) nz = 3 (higher orbit) ¥ } 


= \ ’ 
D = vances | = 15.234x10'm™ 


oF 
line 
secon ny=4 
B = vaperex0 | = 20.566x10'm™ ' 2 
fv V 
third ine ir 
n=2 m= 
of mal = 23.00x10° m" 
Limiting line 
n=2 n= 2 


DB = 1.09678 wit -4| = 27.421x10°m"' 
ey © 
The limiting line of Balmer series lie in the U.V. region while all other lines fall in the visible region. { 
Similarly, we can calculate the wave numbers for all the lines of Paschen, Brackett and Pfund series, These three senes of 
lines lie in the infrared region. ¥ 
scts of Bohr’s Atomic Model 


1. Spectrum of multi-electrons system : ‘ tans 
tI i igi 1 like Lie an ete, 
Bohr's theory can successfully explain the origin of the spectrum of H-atom and ions ! 
These are all one electron systems. But this theory is not able to explain the origin of the spectrum of multrelectrons or 


poly-electrons systems like He, Li and Be, etc. 
2. Fine structures or multiple structures . 

When the spectrum of hydrogen gas is observed by means of a high resolving ae pened 
spectral lines are replaced by several very fine lines, ie. original lines ar $6" cents tiple structure Actually. the 
Balmer series is found to consist of five component Lines. This i called fine SC oti 


ci he origin of 
tppearance of several lines in a single line suggests that only one quantum number is not sufficient to explain the ong! 
Various spectral lines. 


-4 


Chapter 5 (Atomic Struct, 


3. Three dim, 
ensional motion of electron ; 


Bohr s 
the motion of Pe ettlahy Circular orbits of 


Not flat. 


4. Zeeman effect / stark effect 


When the excited 
Spectral lines are further split, i shy 
So, if the source which is prod 
of Naintocom,  -nt lines. 


When tiie excited h 


: i lectrons around 
ctron is not e round the nucleus of hydrogen at 
‘na single plane, but takes place in three dioeaivadl tence have sh 


ON the 


the atomic Mode} | 
q 


drogen (which give an emission line pectrur 
s i : 
He int skosely Spaced lines. This type of splitting of pated fines 3 led Zeeus fel it 
8 ‘a-spectrum is placed in a weak magnetic field, it causes the Splitting 


MAN effeey 
‘ Of two Vines 
r th lydrogen atoms are placed in an el 
paced ed - type . splitting of spectral lines is called cooedeiph ead PE ERA eee eis lowly 
ory does not explain either Zee: 
5. Sommerfeld’s contribution pei sia ans 


In 1915, Sommerfeld su lectror 
» Soi ggested the moving el i 
orbits as well wherein the nucleus lies at one of the foc faerie epipicexslalas “a ~ 


The allowed electronic orbits for the f 
anes ¢ orbits forthe four main quentum sumbers by 


“Electromagnetic fadiations of very short-wavelengths (0.1-20A ) produced when rapidly moving electrons 
collide with heavy metal anode in the discharge tube are called X-rays.” 


Origin of X-rays 


When the fast moving cathode rays (electrons) 
strike the target metal, they are able to remove electrons 
from the inner orbits or shells of the metal atoms. This 
will create a vacancy in the inner shells. Due to the 
influence of the stronger nuclear charge, the electrons 
will step down from a higher energy orbit to the lower 

energy orbit in order to fill that vacancy. This inner 
shell transition of electrons causes the emission of 


radiation in the form of X-rays. 


Production of X-rays 

X-rays are produced whi 
tube. Energy is released in the 
discharge tube, the electrons prod: 
them sufficient energy to bring a! 
from the target in all directions, 
windows. The wavelength of X-rays 
its own characteristic X-rays. 


with heavy metal anode in the discharge 
he electrons are suddenly stopped i Oe 
i Itage. It give 
luced by a heated tungsten filament, are accelerated by high vo i 
bout the emission of X-rays on striking the metal target. X-rays are erie! 
but only a small portion of them is used for useful purposes wrong wa 
produced depends upon the nature of the target metal. Every metal 


en rapidly moving electrons collide 
form of electromagnetic waves when ¢ 


Ay 
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ex-r0ys are passed through a slit in platinum plate and then emer; 
snncrystl of K,[Fe(CN), }, which analyses the X-ray beam, The 


jn the fC 
pine a of target material used. This characteristic X-rays spectrum has di 


ses, Ls 
int? Kaen Concave 

surface 
: Cathode 


Cathode rays 


(electrons! Anti-cathode 


(Te 
X-Rays (Target material) 


on drawn by Moseley from his research work 


A stematic and comprehensive study of X-rays was undertaken by Moseley in 1913-1914. His researches covered 


° 
sage of wavelengths 0,04-8 A . He employed thirty eight different elements from aluminium (Al) to gold (Au), as target 


Fegan lines could be classified into two distinct groups. 
. « Spectral lines of shorter wavelengths are identified as K-series. 
« Spectral lines of comparatively longer wavelengths are identified as L-series. 
(i) Ihe target element is of higher atomic number the wavelength of X-rays becomes shorter 
(iy A very simple relationship was found between the frequency (v) of a particular line of X-rays and the atomic number 
Zof the element emitting It. 
Yo =a(Z-b) 
are the constants characteristic of the metal under consideration. This linear equation is known as 


Here ‘a’ and ‘b’ , 
‘a’ is proportionality constant and “b’ is called screening constant of the metals. 


Moseley’s Law. 


“The frequency of a spectral line-in the X-rays spectrum varies as the square 
of atomic number of an element emitting it.” 
Mathematically, itean be written as 
Vo =a(Z-) 
v = frequency of spectral line 
Z = atomic number of target metal 
a= proportionality constant 
b= screening constant 
This law convinces us that characteristic properties 0 
the atomic number and not by the atomic mass. If value of 
buained. 
'mportance of Moseley’s Law In Chemistry 
(Moseley arranged K and Ar, Ni and Co in a proper Way in 
This law has led to the discovery of many new elements like Tc 
'i) The atomic number of rare earths have been determine 


Where 


both physical and chemical) are determined by 


f the element ( 
straight line is 


vo for K-series are plotted against Z, then a 


Mendeleev’s periodic table 
(43), Pr(59), Rh(45) 


d by this law 


Vacuum pump y 


BYR 


3 3 
me oe Xi 


% 


RR 


rays? 
Ans. X-Rays: 


X-rays are thi 
a € electro-ma; 
Origin of x-rays 


BNELIC radiations with h 
igh frequency and wav 
elength short than 
visible light 


When cathode r; 
then highly se ate converged on a metal target (taken as anode), 
freqients t pene 1Ng radiations are produced called X-rays. Their 
aiid eo. er and wavelength is shorter than visible light. ; 
The sclera ia 
alehene cca y of X-rays depends upon the proton number (2) of 
is the characteristic of an element. It is given by Mosaley’s 


law as 
Vo xz 
When graph is plotted Ky i 
= between Vv on y-axis and Z on x-axis, a straight line is obtained for different ei 
5 low does the Bohr’s model justify the Moseley’s equations? = 
Ans. Bohr’s equation for frequency is: 


_Ze'm| 1 | 


v= Sop | 
8ech 
if we consider it for simil ) 
jar transition (n, = 2 to n, = 1) of electron fi 
= lor diff 
Then we have a relation. , res cilia 
v «2 


vo «2 


-4a 
or vo “x Z-b 
vo = a(Z-b) Moseley’s equation 
me’ I}. 
teh | 2 - |. constant for similar transition of different elements. Since frequency is reduced by screening 


A constant (b). 
WWave-Particle Nature of Matter (Dual Nature of Matter) 


Introduction 
Planck's quantum theory of radiation tells us that light shows a dual character i.e., it behaves both as a maten’ 
ticles in 1924 by Louis 


particle and as wave. This idea was extended to matter pai 


de-Broglie. 

Wave-particle duality 
According to de-Broglie, 

associated with wave like properties. 

characteristics of material particles as we 

mathematical equation which relates the wave 


h 


—, 
mv 
‘This relationship is known as de-Broglie equation. 
Here 3, = de-Broglie wavelength 
h = Planck's constant 
m_ =mmass of the particle 
v = velocity of the particle 


all matter particles in motion have a dual 
It means that electrons, protons, 
Il as of waves, This is called: wave-pa 
tron to the momentum of electron. 


neutrons, atoms and molecules possess the 
rticle duality in matter. He derived! 


Jength (A) of the elec 


tion, the wavelength vin icle (electron) is inverse Proponional 
; igth of the moving particle (et ) is inversel, 
y proportional to 


: q PPny ay 1 4 : 
Qiza._ What are x ? a = ¢ 
Fi 
‘ays? What is their origin? How i = 
was the idea of atomic number derived from th 
m the Siscove, 
Voy. 


| character i.e. every material particle is also 
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ing 10 © 


aM 
(ov) of de-Broglie equation its momentum ™ a 
‘According (0 Planck's equation 
E =hv — --(i) 
according t© the Einstein's mass energy relation = i 
E Ti (ii) 
ot he material particle whi 
vn’ is the mass © u erial particle which has to conv 
wre ‘wo values of Energy Convert itself into a photon, and °c” is the velocity of ¥ 
equa! hy =me" ii) ms eae By 
‘ ti 
since ane t 
putting the value of v in equation (iii), we get : 
he 2 
— =me 
; te 
ee : 
6 mae seefiv) 
sonsigering that nature 1s symmetrical, we apply this equation (i 
cided gives us the de-Broglie’s equation as fellow, “ (iv) t0 the moving electron of mass ‘m’ and velocity ue 
h 
= — f 
mv 
‘ 


This equation shows that the wavelength of electron is inversely proportional to momentum of electron 


Applications of de-Broglie’s Equation 


(i) Electron fod ; 
An electron moving with a velocity of 2.188 x 10° mis in the first orbit of Bohr's model of hydrogen atom, Th 
y ic 


wavelength associated with it can be calculated as follow: 
v = 2.188 « 10° m/s 
h = 6.626 x 10™ Js 
m = 9,108 « 10" kg 


pot ¥ 


13=1kgm'’s? 


mv 
6.626x 10" Js 
.=— Z -# \ 
9.108x10" kg x 2.188% 10° ms” Sean s j 
; % =0.33 nm 
This value of wavelength of electron while moving in the first orbit of hydrogen atom is comparable to the wavelength of { 


X-rays and can be measured. 


(IW) Proton 
: If we imagine a proton moving in a straight line with the same velocity as mentioned for electron. its wavelength 
will be 1836 times smaller than that of electron because proton is 1836 times heavier than electron. 


(Wi) a-particle 
An .-particle moving with the velocity as that of elect 
Proton or 1836 x 4 = 7344 times smaller than that of electron. 


tron should have a wavelength 4 times smaller than that of 


(Wv) Small stone : 
A stone of mass one gram (10° kg) moving with the velocity 10 mv. its wavelength will be calculated a 
ae 
mv 


i = 8626x10™ Is, 
10°" kg = 10ms™ 


% =66: 32 
This wavelength 26 = 10% m 


is so 
small that it cannot be measured by any conceivable method. 


It mean: 
thet tha eae is that heavy material Particles have waves 
sbeperte bodies don't have the waves, 
Experi none = chcgrpipan of dual nature of matter 
o hike erican scientists, Davisson and Germer did an experi 
xperiment to verify th 

rose Shesee pra Dele heated tungsten filament and accelerated by ake eo rents meting 
fhe «fam alan pacers ath rmer proved that the accelerated electrons undergo diffracti mike ll 
Raimanageconenen brn the wave nature of electron got verified. Davisson and Germer, irae 

Prove the matter waves and de-Broglie got the separate noble prize for siving ie ea 

Ie CqURtion oy 


associated with them, but they cannot be captured ang 
we 


rere inty Principle} 
coor ? i 
dmscnines ahs aoe baeddyen ene baka is ear particle and its position as well as mo 
¢ concept of de-Broglie's wav: 
us to measure simultaneously the iti i a corer 
inivoduction ly exact position and velocity of electron. 
In 1927, Werner Heisenber, 
’ 'g attempted to ex, 
such as electron. He put forward uncertain’ i 
rinciple. 
Statement gene 
According to this principle 
“It is impossible to measure simultaneously both itic y 
+h ‘ : q 
backs garrett ly i exact position and momentum of a microscopic particle like 
Mathematical form 


Suppose, that Ax is the uncertainty in the measurem iti i inty ii rement 
i ent of position and Ap is the uncertainty in the 
of momentum of an electron, then 4 7 iia 


. mentum 
electron, it has not been possible 
or 


plain the position and momentum (or velocity) of a small Particle 
ne! 


h 
Ax. Ap? 45 


This relationship is called uncertainty principle. This equation shows that if Ax is small then Ap will be large and vice 
versa. So, if one quantity is measured accurately then the other becomes less accurate. Hence, certainty in the 
determination of one quantity introduces uncertainty in the determination of the other quantity. 
Limitation 
The uncertainty principle is applicable only for microscopic particles like electrons, protons, neutrons etc. and has 
no significance for large particles i.e. macroscopic particles. Jt is because the product of uncertainty in position and 
momentum for large particles is so small that it can be ignored. 
Explanation 
Compton's effect can help us understand the uncertainty principle. Suppose, we wish to determine the position of 
electron. Visible light cannot help us, because the wavelength of visible light is millions time large as compared to the 
diameter of electron. For this purpose, we have to use X-rays which have very short wavelength as compared to ~ 
visible light. When this photon of X-rays strikes an electron, the momentum of electron will change. In other wor ; 
uncertainty of momentum will appear due to change of velocity of electron. Smaller the wavelength of X-rays, on 
will be the energy of the photon. Hence, the collision of X-rays with electron will bring about the greater uncer 
momentum. So, an effort to determine the exact position of electron has rendered its momentum uncertain, When me 
the photons of longer wavelength to avoid the change of momentum, the determination of the position of elec 


becomes impossible. 


duct is negligible. If the position | 


In the case of bigger particles (having considerable mass), the value of uncertainty pro portat 


. Axis very small, Subecomes large and vice-versa, Thus, uncertainty principle is im| 


les like electrons. 


known quite accurately, 
only in the case of smaller moving pa! 


De oints of WAY e-mechanical model are given below: 
13s pave got dual nature. 
s a standing circular w 
ic wave is a standing ‘ave around th 
glecttoni Oe electric field of the positively charged enc, Wisa three 
sition and aah ib of an electron cannot be determined simulta 
. i i ni 
ree dimensiona region in space around the nucleus 
The he js called orbital. where we have 
elec’ ergy and angular momentum of an electron is quantized. 


dimensional wave 


eously with certainty 


Maximum probability (95%) of finding an 


8 Electrons having different energies are to live in different regions. 
e pt of Orbital 


nr's_ model of atom is contradicted by Heisenberg's uncertai 
has Bohr's atom, the electrons are moving with pier velocities i 
inci specified radii, and according to uncertainty principle, both these 
ie cannot be measured experimentally. A theory involving quantities, 
quanannot DE measured, does not follow the tradition of scientific work. 


The solution of the wave equation gives probability of finding an electron 


bool in a given small region of space. When the probability of finding the 
¢ at a distance r from the nucleus is calculated for the hydrogen atom in 
the ground state, Fig (i) is obtained. 

The maximum probability of finding the radius is at a distance of 0.053 m. It is the same radius as calculated for 
the Bohr's first orbit. There is a possibility that-the electron is either closer to the nucleus or outside the radius of 0.083 
am, where probability of finding electron decreases sharply. 
Atomic orbital 

“The volume of space in which there is 95% chance of finding an electron is called atomic orbital.” 
The term orbital should not be confused with the term orbit as used in the Bohr's theory, the orbital can be regarded as a 


Noe 
Probable electron density diagram 
for hydrogeh atom, 


spread of charge surrounding the nucleus. This is often called the “electron cloud.” 


Gua_Compare orbit and orbitals 


Difference between Orbit and Orbital 


1. 


1. It is three dimensional space around nucleus where 
the probability of finding electron 1s maximum (95%). 
2. Orbitals vaitfevent @shapes™ eg, s-orbital is 
spherical symimnetrical, p-Orbitals are dumb bell 
shaped etc. 
3: All orbitals have directional characters except S| 
orbital. 

—EE 


In an orbital, exact position and momentum of an 
electron can not be measured with certainty 


{obeying Heisenberg’s uncertainty principle) 


Itis a definite path in which an electron moves 
around nucleus as proposed by Bohr. 


2. Orbits are circular in shape. 


3. Orbits do novhave a directional character. 


4. In an orbit, exact position and momentum of | 4. 
an electron can be measured with certainty 
(Violation against Heisenberg’s uncertainty, 

Principle.) 


Itr 
Presents planar motion of electrons. 5 


-_!t represents three dimensional Motion of elect, 
TOns, 


6. Maxim 
UM No. of el =e 
lectrons in an orbit is Biven | 6. * subshell spherical shape 


pesubshell dumb bell shape F] 


Gesubshell complicated shape (sausage shape) 222#2 | 


lls 
of subshe' aon 
go subshell may have different shapes depending upon the Nature of 'y* 
fe) 


by 2n? 
'y 2n' 1-€., iN 1, 2, 3 orbit electrons are 2, 8,18 An orbital can have a maximum of 2 electrons, 
ql 


“The sets of numerical values w ch give the acci 
g! ¢ acceptable solution to Schrodinger wave equation for sh 
hich hi Schi i} { { 2s 


hydrogen atom are called quantum numbers.” 
22 
(=1 |p-subshell 2 “rererce ane He ocupes 


1m energy-level order 


“The number or labels whi kel 
ich i i 
7 Gunes completely describe an electron in an atom is called quantum: (= 0(s-subshell 3s * Electrons oc 
ere are four quantum numbers which can descri ie = : enon cae 

e ae lescribe the elect re ehiears 3 bei ; 

(1) Principal quantum number (n) Seren ent: €=2|d-subshell 3a Pairing CN ce 
(ii) Azimuthal quantum number (Ga) (= 0 {s-subsh 

(iil) Magnetic quantum number (m) = ¢=1 ubebe 

(iv) _ Spin quantum number (s) n=4 Deshelt €=2 Sense Hf 

i = 2|d-subshell 

(i) Principal Quantum Number(n) ¢=3 Fsubshel ‘i 

The different energy levels in Bohr’s atom represent is i i 

- ¢ are ted by ‘n’. Thi i 

Schrodinger. Its value is non-zero, positive integers upto infinity. by'n is is called principal quantum number by | total number of elerror® he digi i 
pee eed PITT aTs We ledidettch isk itakiee ee 
The value of ‘n’ represents the shell or energy level in whi h the, bid calculate the total number of electrons in a given subshe! 1. The formula for calculating the electrons 1s 2(2¢ ; 
2QU+1). 
The value of represen 1 ey ich the elecuon {Shot KP tT wT wy s-subshell total electrons =2 Maya 
Auiblications (=) p-subshell total electrons = 6 
; e d-subshell total electrons = 10 
(i) Radius of orbit: When we study the Bohr’ ‘n’. Thi n ne 
udy the Bohr's atomic model, we represent the energy level by ‘n’. This value of *n =3 f-subshell total electrons = 14 
Number(m) 


gives the value of radius of orbit. r= 0,529 (n*) A (iii) Magnetic Quant 
(li) Size of on orbit: The value of ‘n’ in Schrodinger wave equation tells us the distance of electron from nucleus, ; In the defects of Bohr's model, it has been mentioned that strong magnetic field splits the spectral lines turther 
(Zeeman effect), In order to explain this splitting, a third quantum number called magnetic quantum number (in) has been 


Greater the value of *n’, greater will be the size of orbit. 
(iii) Energy of the orbit: The energy formula of Bohr's model also involves *n’ 3 proposed. 
-a(1 Values 
E =-2.18 = 10 ar J : m = 0, +1, +2,+3 
Relationship between azimuthal and magnetic quantum numbers 
Greater the value of ‘n’, greater value of energy of electron. : =a The ahindbtyat enénits vaon values of 0 
(iv) Number of electrons: The maximum number of electrons that can be accommodated in any shell is given by the pet pon values o' 
> ja 2n? . When (=0 s-subshell m=0 
seals "A i" \ (K) iy =2 (=I p-subshell m= 0,41 (p—subshellhas three degenerate orbitals) 
n=2(L) 2(2)° =8 t=2 d-subshell m= 0,+1,42(d- subshell has five degenerate orbitals) 
n=3(M) 23) = 18 (53 f-subshell m= 0,41,42,43 (f —subshell has seven degenerate orbitals) 
n=4(N) 2(4)? = 32 be The above description shows that for a given value of *(’, the total values of *m’ are (2( + 1), 
i hal Quantum Number (_) A iis Vo _Deseneracy of orbitals : ; 
(ii) Azimuthal Q f high resolving power shows that an individual line int Actually the value of ‘m’ gives us the information of degeneracy of orbitals in space. Ut tells us the benaaiy 
arranged along x, y and z axes in the presence of magnetic He 


different space orientations fora 


hr's model that a spectrometer o! . { ine i 
nto several very fine lines. This thing can be explained by saying that each shell is haa different ways in which a given s, p, dor f-shell can be 
fficient to explain line spectrum. There is another subsidi® } Thus different values of “m’ for a ei watt bien i 
subshell. 
For s-subsh. 
ell 
small letters ss Ped 
ted by small le ca For s-subshell, ( = 0, so m = 0. It implies that s-su! ° 
be arranged in space only in one way along X. ¥ and z-axes. SO, S-SU 


In the defects of Bol 
otal number of 


spectrum is further divided i Jed giao? 
nto subshells. So only principal quantum num’ r (n) is not s 
aiesetuin number called Azimuthal quantum number and is used to represent the subshells. 
£0, 1,2, 3) +. (9-D 
ese values represent di 
|, diffused and funda 


> 


s only one space orrentation and 


All of any energy level ha: 
I padivided into any other orbital 


Jbshell is Not su! 


Value: Its value are 

Its value depends upon n. Th 
and f which stand for sharp. principa' 
describe the series of lines obse! 


ferent subshelly which are designa' 


mental respectively. These are the spectral terms U 


rved in the atomic spectrum. 


(b) What are _ 
quantum numbers? Discuss their significance. i 
een principal and azimuthal quantum number 
Sa ester onship between principal and Azimuthal quantum number 
1 K-shell {1 =0 {s-subshell : TS 1S as follows. e 
[QUANTUM NUMBERS n= 


The shape of *s’ orbital is 
'S @ spherical and symmetr 
For P-subshelj 

For p-subshell, ¢ = 1 
: »&=1,andm= 

Orientations and can be arran, ‘f ; 
named as p,, p, and Pz. They ha’ 

along one of three axes called o 


In the absen 
orbitals. Since, they 


such that Probability of findin, 


ical orbital ig the electron in all the directior 


ns from the nucleus is the 


ce of the magnetic field. all 
; , the three p-orbitals h: 
are three in number, so these orbitals are said to be thre 
z 


x 
PB Pe 


Shapes of p-orbitais 


the same energy and are: call, 
recalled dege 
ree fold degenerate or triply degeners™ 


: 
P, 
For d-subshell 


For d-subshell, ¢ = 2, m= 0, +1, #2. It im 
p . , £1, £2. plies that it has five space orientations and are designated 
-2), dye(m = -1), da(m = +1), day (m = +2) and d,,(m = 0). am 


All these five d-orbitals are not identical in shape. In the ‘bse f a magnetic fi i 
energy and they are said to be five fold dapenevat orbitals, Tone One ae 
Zz 


z z 
y y y MY / 
x x x x ~ -. oe 
. 4, 4, dus 


have the same 


qd, 


Shapes of d-orbitals 
For f-subshell 
For f-subshell, ¢=3 andm = 0+1,+2,+3. They have complicated 
shapes. 
Since magnetic quantum number determines the orientation of orbitals, 
so it is also called orbital orientation quantum number. 


Degenerate Orbitals ; ie 
Orbitals which are located at the same energy level on the energy level diagram are called degenerate orbitals. 


Thus, electrons have equal probability to occupy any of the degenerate orbitals. sito to 
Px Py and p, -» 3-fold degenerate 
d-orbitals —,5-fold degenerate 
f-orbitals —, 7-fold degenerate ; 
Degeneracy of p-orbitals remains unaffected in presence of external unifo 
orbitals is affected by external magnetic field. 


(iv) Spin Quantum Number(s) 
Alkali metals have one electron in their outermost s' 
outermost electron jumps from an excited state to a ground state. 


rm magnetic field but degeneracy of dandf- 


en the 
fF high 


hell. We can record their emission spectra, whi 
When the spectra are observed by means 0 
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soot 


re. 
root ub 
ure 
fine 570" 1925, é 9 ed logether. 
in 19 ile Moving in an orbi 
or spins 2! Mal around the nucleus also 
“self-rotation.” 


7 ma 1 

Swi motion is re = 

c se spin presented by + 4 
Anticlockwise spin motion is represented by - 


This spinning electron is associated with a magnetic field and hence a magnetic moment. Hene: i 
ic fields are generated by the clockwise and anticlockwise spins of electrons, This spin motion is responsi fo 
doublet Line structure in the spectrum. 


Quantum Numbers of Electrons ‘ 
Aumuthal 


Quantum 


Principal Spin Number of 
Quantum 5 electrons 


number(s) accommodated 


Magnetic ‘ae 


Quantum number (m) 
number ( ) 


Quantum 
number ‘n’ 


i —_™ 


+ 


nin 
Je wl 


+ 
nin 


+ 
nin 


vl- 


— ae 


« 


Qiac. When a 
zim 
° ata! quantum number ha: t 


then there are seven values of magnetic Quantum 
Numba, 


S a value 3, 


Ans, 


Magnet, 
BNE, quantum number values are related 


m= (2/44) to azimuthal quantum number as 
as C3 

Then M=(2x%341)=7 

as 


 =3 and subshell is ‘f’, This shows that f- 


has 7 values of magnetic quantum number 
When / = 


(i) ft. 


subshell has 7 different ways of orientation in SPace bers, 
Use ip 
3, thenm=o, +1, +2, +3 = 7 values 
(ii) f, (iii) f,, 


liv) foe (V) fess 


Qwe oO a sis te 
raw the shapes of s, ea 
nwenbers: 'S Of S.p and d-orbitals. Justify these by keeping in view the azimuthal and magnetic quanti 
Shapes of Orbitals 


We were introduced to 
orbitals are s, p, d and f having 
these orbitals 
Shapes of s-Orbitals 


s-orbital has a spherical shape and is usually represented by a circle, which in tum, 
represents a cut of sphere. With the increase of the value of principal quantum number 
(n), the size of s-orbital increases, "28 orbital iS larger in size than 1s-orbital..2s-orbital 


the four types of orbitals dependin, 


e 8 upon the values of azimuthal 
azimuthal quantum number values ee 


as €=0,1,2,3 respectively. Let us, discuss the shapes of 


e 
is also further away from the nucleus. The probability for finding the electron is zero o 
between two orbitals, This place is called nodal plane or nodal surface. . 3 3s 
Shapes of p-Orbitals Se sing brig quan 


increasing principal quantum number 


: as ; 
an 
y y y 
x 
P, P. P, 
Shapes of p-orbitals 
p-subshell has three values of magnetic quantum number. So p-subshell has three orientations in space i.e., along x, y and 
z axes. All the three p-orbitals namely p,, p, and p, have dumb-bell shapes. So - 
p-orbitals have directional character which determines the geometry of molecules. All the p-orbitals ofall the energy 
ievels have the similar shapes, but with the increase of principal quantum number of the shell their sizes are increased. 
Shapes of d-Orbitals 


d-subshell have five values of magnetic quantum 
axes. They are designated as d,y, dyzs dus 4,2_,2 and 4); 


number. So there are five space orientations along x, y and z 
_ The lobes of first three d-orbitals lie between the axes. 


r 4 


Zz z & 7 
y y s 7 ” 
‘ x x x x 
d. d d, du, 


Shapes of d-orbitals 


am 


re 
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on the axes They are not j 
onsists of only two lobes. 


identical in sha 

Pa Pe. Four orbitals have fo, 

¢ of magnetic field, all the five d-orbitals ate de 
ELECTRONIC DISTRIBUTION Benerate, 

7 to understand the distribution of e 


‘ know the following facts: lectrons in an atom, 
« orbital like S Px: Py» Pos dy etc. can have at the att 
(1 electrons. 
ximum number of electrons than can be : 
2) pelt is given by 2n” where n is accommodated in a 
she principal quantum number and it cannot have zero value, i 
Maximum number of electrons in sub-shells are given as 5 = 2 ry 
0) = 6,4=10,f= 14 Ns . 
p er following rules are used for the distribution of electrons in 44 
Morea or orbitals: ss 
‘Auf-bau principle ‘ 
Gi) Pauli exclusion principle s 
(iii) Hund's Rule ‘ 3 
pefore we USE these rules the subshells or orbitals should be arranged f 
ing to(n + €) tule also called Wiswesser’s rule. : 
. 
wiswesser’s (n+ @) rule = 
Subshells are arranged in the increasing order of (n+ 0)values 6 
uo if any two subshells have the same (n+ 2)values, then that subshell 1s 
is placed first whose n value is smaller. rp | 
so, the arrangement of subshells or orbitals in the order of increasing i 7 | : ys209| 
energy values (ascending order) is as follows: A 163 10 
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, Sp, 6s, 4f, Sd, 6p, 7s, 5f, 6d, 7p, 8s » | alo | seen ! 


This principle statés, the-electrons should be filled in energy subshells in order of increasing energy values. The 


electrons are first placed in 1s, 2s, 2p and so on. - 
Pauli’s Exclusion Principle 
This principle can be stated as follows: 


“It is impossible for two electrons residing in the same orbital of a poly-electron atom to have the same values of 
four quantum numbers.” 


or 
“Two electrons in the same orbital should have opposite spins (41)". 
bample 


Consider an electron occupying Is orbital. For this electron n= 1, ¢ = 0, m= 0. 


© Each electron is shown as 
an arrow, indicating its 
spin: either tort 

© Within an orbital, the 


Suppose the electron under consideration has s = +1/2 which is indicated by *. Now if electrons Wag have 
toother electron is put in the same 1s orbital. For this electron n= 1, €=0,m-=0. tcan  oPPOSTE PI 
xcupy the same 1s orbital only if the direction of spin of this electron is opposite to that [ral [L7] 
Of the first electron ie.,s=-1/2 symbolized as +. . ——— 
» there are only two possible values for s. So one orbital may contain # maximum notallowed —* 


proclectrons only when the direction of spin of one is opposite to that of other. 


According to this rule 


“If, degenerate orbi 
. itals are availabl 
\ le and more than one el 
lectrons are to be placed in them, 


In separate orbitals w 
‘“ dae ith the same spin rather th: i 
tic ts deacice rather than putting them in the same orbital wi a, ae 
c 4 of —e in sub-shells of C, N and O are as follows ear ra 
6C= Is, 2s, 2p,, 2p,, 2p, 
we wow 4 11 
7N= Is, 2s, 2p,, 2p), 2pe 
1 
os tb wto1 4 


Is, 2s, 2p,, 2p,, 2p, 


Some exceptional electro 


Chromium (Atomic number = 24) : 


Expected configuration : 15° 26° 2p 38° 3p" 3d Ae 


Actual configuration 18° 28° 2p" ap 3d 4s! 
Copper (Atomic number = 29) : 


Actual configuration, 18°28" 2p! 3s 3p" 30” 
Molybdenum (Atomic number = 42) 


Expected configuration 18° 28° 2p" as 3p 304 


Expected configuration : 1 S28 2p' 3s 3p ae 4s 


4s! 


Actual configuration . 15° 28° 2p’ 38° 3p° 30" 48" 4p’ 4d Ss! 


Palladium (Atomic number = 46) 


Expected configuration 1s: 28° 2p as" 3ap° 3d" 45° 4p ad 58° 


Actual configuration: 15° 2s 2p' 3s" 3p° 30" 4 


gdp’ 4d 58° 


nic configurations 


Inelectronic configuration of any 
element If outermost shel! 
contain following order than 
changes occur's In following 
mannerfor stability 
3,d—+0,s 

8,d,p—>.0,, 

8 {—,s 


8,f,d, P—?1,0, 8 P 


gdp’ 4d 58° 4's*§—oa's' 


d's ds" 


ww he half-filled 


o exchonee enersy: 


it important points in writing electronic configurations| 
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er stability of exactly half-filled and comol 
ater stability of these configurations is due to the he erence 
ing two reasons : 


1 
stability: 


and completely fi 
ly filled configurations are more symmetrical and 
Ind symmetry leads 
to greater 


it in the differ _ 
The electrons presen! rent orbitals of the same si 
jubshell 
civ yee en abe eg which can be explained in terms of Soa ‘heir positions. Each such 
exchaner Ses ind pe = aera in the exactly half-filled and complet energy. As the number of 
more ; than in d *), therefore exchan ely filled arrangements (i.e t 
stability is maximum. ge energy is maximum and hence the } 


writing the electronic configurations, the following points may also be noted: 


To avoid the writing of electronic Configurations in a lengthy way, usually the symbols [He] ?, [Ne]? 
fe] *, {Ne} "°, [Ar] * ere. 


are used as the first part of the configuration. Such a symbo! ‘ 
gas and is usually called the core of the inert gas. Symbol stands for the electronic configuration of that inert 


» 
Although the orbitals of lower energy are filled first but the electronic configuration are written not in the ord f 
er 
\ 


in which the orbitals were filled but in the order of principal quantum numbers. 
unless otherwise mentioned, electronic configuration alwa ron 
ores ys Means the electronic configuration in the ground 
Always remember that if you write down electronic configuration of i 

, of ion (cation or anion), th 
configuration of basic atom than add or remove the electron from the system priv a hiatal 
abe pala Iways there is a q 


Matter is made up of extremely small particles called atoms. 

Cathode rays and positive rays were discovered during discharge tube experiments. Th ties of cathode 
showed them to be negatively charged particles called electrons, Wheto ths eiave tye ner hind to cou f 
positively charged particles called protons. 

Neutron was discovered throdgh artificial radioactivity, 

Electrons, protons and neutrons are regarded as the fundamental particles of'an atom. 

Rates discovered the nucleus and successfully explained the presence of moving electrons around the 

nucleus. 

1n.1905, Planck put forward his famous Planck's quantum theory. 

Neil. Bohr explained the structure of hydrogen atom by using Planck's quantum theory. He also calculated the 

radius and energy of electron in the n® shell of hydrogen atom. : 

Bohr’s atomic model successfully explained the origin of line spectrum and the lines present in the spectrum of 
hydrogen atom in the visible and invisible regions. 
X-rays are produced when rapidly moving electrons 
Mosley discovered a simple relationship between the frequency of X-rays and 
element. : . 
de-Broglie discovered wave particle duality of material particles. According to him all — as 
have a dual character. Davisson and Germer experimentally verified the wave ates A he exact momentum of 

Heisenberg pointed out that it is not possible for us, to measure the exact position and the 
electron simultaneously. 


collide with heavy metal anode in the discharge tube. 
the atomic number of the target 
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3 After the fiylure of Bohr’y atomic model, Schrodinger developed the wave mechanical model of HYdtogen 
According to him, although the position of an electron cannot be found exactly, the probabijity of finde 
electron at a certain position at any time can be calculated. NB a 

14 An electron in an atom is completely described by its four quantum numbers. Three out of these four 
numbers, have been derived from Schrodinger wave equation, when it is solved for hydrogen atom. 


ISOLVED OBJECTIVE EXERCISE 


Qi. Select the most suitable answer for the given one: 
ai) The nature of the positwe ray's depend on: 
i nature of the electrode 
‘c) the nature of residual gas 
(ii) Tha velocity of photon is: 


‘a) independent of its wavelength 
(c) equal to square of its amplitude 


Wahtyy 


(b) the nature of the discharge tube 
(d) all of the above 


(b) depends on its wavelength 
(d) depends on its source 


(iii) Wave number of the light emitted by a certain source is 2 = 10° m_'. The wavelength of this light willbe 
(a\71500 nm (6) 500m 
(c) 200 nm (dy 5% 10'm 


(iv) Rutherford’s model of atom failed because: 
(a) the atom did not have a nucleus and electrons _ 
(b) it did not account for the attraction between protons and neutrons 
it did not account for the stability of the atom 
(d) __ there is actually no space between the nucleus and the electrons 
(v) Bohr’s model of atom is contradicted by: 


(a) *s quantum theory . (b) Dual nature of matter 
Heisenberg's uncertainty principle (d) — All of the above 
(vi) Splitting of spectral lines when atoms are subjected to strong electric field is called: 
(a) Zeeman effect (b) tark effect 
(c) Photoelectric effect (4) | Compton effect 
(vii) Inthe ground state of an atom, the electron is present: 
(a) _jn the nucleus > (b) _ in the’second shell 
A sao eate to the nucleus (d) farthest from the nucleus 
(viii) Quantum number values for 2p orbitals are: 
n=2,6=1 (be) = n=1,0=2 
(c) n=1,C=0 (d) =n =2,£=0 
(ix)  Orbitals having same energy are called: 
(a) hybrid orbitals (b) valence orbitals 


(c) degenerate orbitals (d) , d-orbitals 


(x) ,When 6d orbital is complete, the entering electron will go to: 


(@—t 


(b) 7s 
(d) 7d 


Answ Reason 


(c) the nature of residual gas Positive rays are produced by the ionizationOf a gas in the discharge tube. 
Different gases have different nature of positive rays. 


it ‘gid not account for the 
ability of the atom 
(c) Heisenberg’s uncertainty 


principle 


in Bohr's atom, the electrons are moving 


Atom is stable particle but Rutherford failed to explain its stability 


When the excited hydrogen atoms are 
lines are further split up into closely 
spectral lines is called “Stark effect.” 


Ground state is a stable state for an atom at this state electron is Present nearest 
to the nucleus. At this state the system has highest stability, 


placed in an electrical field, its spectral 
spaced lines. This type of splitting of 


Fillin the blanks with suitable words: 


. B-particles are nothing but moving with a very high speed. 
(ii) Charge on one mole of electrons is coulombs. 

(iii) The mass of Hydrogen atom is - grams 

(v) The mass of one mole electrons is % 

(v) _ Energy is when electron jumps from higher to a lower orbit. 


model of atom. 


(vii) For d-subshell, the azimuthal quantum number has a value of 
(viii) The number of electrons in a given sub-shell is given by formula 
(ix) _ Electronic configuration of H” is 

ANSWERS 


(9easac 
(iii) 1.67 « 107" (iv) 5.48 « 10“ gor 0.54mg * 


(v) emitted 


(viii) 2(2/ + 1) 


Q3. Indicate true or false as the case may be: 
) A neutron is slightly lighter particle than a proton. ; 
i) A photon is a massless bundle of energy but has momentum 


0) The unit of Rydberg constant is the reciprocal of unit of length. 

(iv) The actual isotopic mass is a whole number. 

i" *  Heisenberg’s uncertainty principle is applicable to macroscopic bodies. 
vi) 


The nodal plane in an orbital is the plane of zero electron density. 


(vii) The number of orbitals present in a sublevel is given by the formula (2¢ + 1). 


(viii) The magnetic quantum number was introduced to explain Zeeman effect and Stark effect. 
(ix) Spin quantum number tells us the direction of spin of electron around the nucleus. 


. 


ANSWERS 
[vip Troe | vilyTrue | vii Fae [(in)Felse |__| 
ISHORT ANSWERS TO EXERCISE| 
Q.15 (b) 


Ans. (n+1)Rule 


“n" Is a principle quantum number while “I” is azimuthal quantum number. (n + |) aile means a rule baseg on 
sum of principle quantum number value and azimuthal quantum number value of subshell 
Statement 
Subshell are arranged in the increasing order of (n + |) values and if any two subshell have the same (n+ 
values, then that subshell is placed first whose value is smaller. 
Arrangement of Subshell 
According to (n + |) rule the arrangement of subshell is 
198€ 28 <2p <38 <3p <48 <30 <4p, <58 <4d <5p <68 << af <Sd <6 <75 
(n+ 1) rule and degenerate orbitals 
Those orbitals which have seme 


ergy are called degenerate orbitals. 


q (+1) rule is not applicable to degenerate orbitals because they have same values of n and |, 
For example: There are three degenerate orbitals of 2p subshell, 2px, 2py, 2p2. These three orbitals of 2p subshell 
have n= 2 endi« their (n+!) value are same that is three. 
The degeneracy of orbitals is explained by magnetic quantum not by principle quantum number or azimuthal 
quantum number. To fill degenerate orbitals Hund’s rule is applied. 
4 15 (c) 
- ans. Distribution of electron in orbitals 


yy La = 57 = Is? 267 2p* 3s? 3p 487 3d!” 4p° 58? 4d"° Sp’ 6s? 40° Sd! 


1 of ot ott 1 
Cu = 29 = Is? 26? 2p* 36? 3p* de 3dxy sdyz 3dxz 3dx?- y? 3dz? 


4 t t bt tt wt 
wAu = 79 = Is? 2s’ 2p° 3s? 3p’ 4s? 3d'° 4p° 58? 4d" Sp* 6s 4f"* Sdxy Sdyz Sdxz Sdx’~ y? Sdz’ 
h a | 1 1 1 1 
Cr = 24 @ Is? 2s’ 2p! 3s? 3p' de 3dxy 3dyz 3dxz 3dx?-y? 3dz? 

se | 
sy] = 53 = Is’ 25" 2p° 3s? 3p! de? 3d!° ap’ 5s? 4d!° Spx Spy Spz 


usRn=86 =15? 2s? 2p° 35? 3p* 4s? 34! 4p* 552 4d" Sp* 68? 4¢" Sd! pe oy 6 


NUMERICALS OF EXERCISE] 
of light with energy 10°” Joules Is emitted by a source of light. 
FA pproton s energy into the wavelength, frequency and wave number of the photon in terms of meter, hertz 


J 
( creat snoton E= 10“ joules 


required: 
wavelength 


—— 


(0) Frequency: 9 
vey [.. h= 6.625 x 10™ Js) 


1079) 
” 6 625x10™ Js 
= 151 « 10"s"'or Hertz. 


(i) Wavelength: 
es = [c= Velocity of light = 3 x 10° ms”) 


v 


6.625 «107 Jsx3x10* ms"! 
. =) 
1o7?5 


d = 1.98x10%m . 


(i) = v= cB so Exhcd or b= 


=E 
hc 
1o7'*5 

Be u% 71 
6.625 x10" Jsx3x 10° ms 

Frequency : 1.51 x 10’ Hertz 
Wavelength : 1.98 x 10m 
Wave number: § x 10°m7! 


(7h, Convert the energy of (178) Into ergs and calculate the wavelength In cm, frequency in Hertz and wave 


= 5x 10m 


fumber In em”. 
‘a. Given data: 
Ex1o™") (1) = 107 ergs) 
So E= 10° x 107 ergs 
Speed of light c= 3x10" ms™ (1m=10' cm) 
c=3x10% cms” 
h=6.625 10s (1) = 107 ergs) 
hh = 6.625 x 10° x 107 erg.s. 
Requirement: 


Lincm =? 


- 107"? «107 ergs 
6.62510 x10’ ergs.s 


= 151% 104s"! 


(ii) Wavelength: 
he 


a2 


E 
ss 6.625 x10 x10’ ergs x3 x10'°cms™ 
107! «107 ergs. 
= 1.98 x 10cm 


a 107! x 10’ ergs 
bes a7 er | 
6.62510 x10’ ergssx 3x10 cms 
25x 10cm"! 
Frequency 21.51 x 10s" 
Wavelength —: 1.98 x 10cm 
Wave number : 5 x 10°cm™! 
Q18. The formula for calculating the energy of an electron In hydrogen atom is given by Bohr’s model. 


ar ; 
Calculate the energy of the electron in first orbit of hydrogen atom. : 
Ans. Given data: 
M = 9.1095 x 10°" kg 
@ = 1.6022 x 10°C 
& = 8.84 x10" CU"'m™ 
h = 6.625 x 10™ Js . 
net 
Requirement: 
E,=? 
Solution: 
_ -m'e* 
*~ Beth?n? 


by putting the values. 
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19.1095 «10°? kg)?(1.602210"7C)* 

pant CS em )*(6.625 107 IFIP 
2.178 * 10'* Joules 


En? gis. 


€, h?n? 
for radius Is 1, = —* : 
solw’s equatl a ee for hydrogen atom. When its electron moves from n= 1 to n = 2, 


you ch does radius of the orbit increases. 


Bohr’s equation for radius is , = 0.529 n° A for hydrogen atom 


a ° 
1,20.529 x1 = 0.529 A 


° 
1, = 0.529 *2°= 2A 

° 
fy- fy = 2.11 - 0.529 = LS8 A 


increase in radius is 1.58 A 


Gob_What s dlstance travelled by election Re Eee 
ee eee eee 


‘Ans. Given data: 
Number of Orbits n = 2, 3, 9, 10 
So radii to be calculated are ra, fy, fy, Mo 
Requirement: 
n-ne? 
to fg =? 
Solution: 
Equation for radius = 0.529 n’ A (for hydrogen atom) 


f= 0.529% 2752.11 A (1 A .10” m) 
y= 0.529% 3°= 4.75 A 

f= ty 4.75 — 2.118°2.64 A 

Similarly, 

r= 0.529 x9" = 42.85 A 

tp ® 0.529 x 10"= 52.9 A 

fro~ fy = 52.9 ~ 42.85 = 10.05 A 

(i) Distance travelled from n=2ton=3is 2.64 A 


° 
(li) Distance travelled from n= 9 ton=10is 10.05 A 


| 
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Q 20 (a) 
Ans. The formula of energy of an electron of hydrogen atom is = 


Ean -21exi0"|4]s 


where “n* is the number of orbit 
Energy of first orbit 


net 
E, 221810" xy = 21810") . 


Energy of second orbit 
n=2 


E, “21sx10"() 


=-2.18 x10" xp = 0.545210") 


Energy of third orbit 
n=3 


Ey =-218«10"() 


=-2.18x10"" xpm-ou2x10"j 


+ Energy of forth orbit 
n=4 
E, --21sx10"( 3} 
22.110 b= 0.14105 


Energy of Fifth orbit 
n=sS 
E, --218110""(3)] 
1 
= -2.18x 10" x—=-0,08x10j 
8x10" x 3 xl 75j 
Q.20 (b) a 
‘Ans. The Bohr’s equation for hydrogen atom Is 
1313.315 
rn? 
We can calculate energy for first, second and third orbit of hydrogen with the help of above equation energy of 
first orbit (E,) & Z 


E, sear | iealacioaanmal 


kjmole™ 


Energy of second orbit (E;) 


= 
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B* Soe = -328,32kjmole™ 


ners of third orbit (Es) 


5,2 — USES = -145.92kimole" 
an) 
nengy erence between first ahd second orbit 
Eg Ey = (32832) -(-1313.315) 
328.32 +1313.31 5=984.99kjmole 
Enerey difference between second and third orbit 
E,-E, =(-145.92)- (-328.32) 
= -145.92 + 328.32 = 182.4kjmole™ 
between energy differences P 
E, -E, :E,-E, 
984.99 :182.40 i 
984.99 182.40 
"182.40 | 182.40 
$4 : 1 
gy difference between second and third orbit of hydrogen atom is approximately five time smaller 


comparison 


fs. Given data 

Atomic Number of He* = Z=2 

Required 

(i) Energy of first five orbit of H* =? 

(W Energy differences between orbits =? 
Sohution . 

According to Bohr’s equation 


2 
EE=-1313.315x2, kjimiole™ (For any atom of unieletronic system) 
Nn 


Energy of first five orbits of He’ 
Energy of first orbit 
nei 
2 2 
E, =-1313315x2)- 
() 
BE, =-1313.315x4= -5253.2kjmole," 
Energy of second orbit . 2 
n=2 
2 
2 
E, 213133152) 
(2) 
E, =-1313..15x1= -1313.315kjmole™ 
Energy of third orbit 


n=3 


18 
2 
E, 2-1313315x 2 
— @) 
E, = 13133155 = ~$83.69kjmole! 
Energy of 4” orbit 
n=4 
2 
E, 2-1313315x2)- 
(4) 
E,= 1313315 x = -328.325kjmole™ 
16 9 
Energy of 5” orbit 
n=5 


(2) 


E, =-1313.315x—> 
(5) 


= -1313..15 x =-210.1304 
25 


Energy differences between different its of He” 
E, -E, 1513-315) - (9253-2) 


= -1313.315 + 5253.2 = 3959.885kjmole! 


E,-E, = (583.69) - (-1313.315) 


: = $83.69 + 1313.315 = 729.625kjmoke™ sie 


E, -E, =(-328.325) - (-583.69) 


E,-E,= 210.1304 - (-328.325) 


= 210.1304 + 328.325 =+1 18.194kjmole™ 


(9) 


= -328.325 + 583.69= 255.365kjmole™ 
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i ay ke: a j 
Chapter 5 (Atomic 5, ‘ qnemis= 
truer) wt . rar) 
, yatue of En : 
ponte 8 y 28X10 


-0.242 * 10 
nz 


-2.18x107'85 
0.242 107185 


isin 3ed orbit of hydrogen-atom. 
electro" 


oclect 
z 
oo orl . iM 
y 
He’. yy 
cen dat3 f AB 
us 22.18% 10 J | 
number of He’ = 2= 2 
mic number of H 2221 . 
a yous \ 3 


- 


rogen atom. 
= fe 
} 


porosity 
Ee = oxo" Shr === 
oa 


how that energy differences between different orbits of He’ are different from those of hyd! 
oe Leryn SS SSS 0 0—O a 7 ; =-218x 10 Joules 
» ancora s:-"? ; 
\y 


are different than thos of different orbits of hydrogen 


The energy difference between different orbits of He* 
will be at different places than those for hydrogen atom. =oicaes 
J 


atom, therefore the position of spectral lines of He” 
The energy of each spectral line of He’ will be greater than those of hydrogen atom when transiton take place 6 A a 
from n, = 2ton,=1 or from n; =3ton,=2. i nergy required to remove electron from hydrogen atom = Ex — E,= . aan ty ) 
= ‘ 22.18 x 10° ¥ 
Calailate the value 4f principle quantum number If electron of hydrogen atom revolves In an orbit ofenessy | |) Forte’ { { 
8 . 
0.242 x10" J, ' & < =2.18x107!8 x 273 -18 ‘ ; 
Given data: a Sarge Ne y 
Energy of orbit E, = -0.242 x10 J * iy 
Requirement: Be = -24Bx 10x) =0) 
=? t S 
setabine a ergy required to remove electron from He’ = E. - E, = 0 - (-8.72* 10) 
= 827 x 10° '*Joules 


Ee aisco"(5)) 
n 


Ene 
i Tequired to remove electron from hydrogen atom = 2.18%4 o"* Joules 
"BY required to remove electron from He’ = 8.72x10"* Joules 


R 2 re a 


Q22c. How do you justify that these energies are ionization potentials? 
Ans. Ionization energy is “The minimum amount of energy required to remove an electron from isolated pS 
Betta, 


atom to form gaseous positive ion.” 
So 2.18 x 10°" J, 8.72 x 107" J are ionization energies of Hydrogen and He" respectively. 


Q22d. Use Avogadro’s number to convert ionization energy values In ki mol for H, He’. ==. 
Ans. Given data: < > —=— 


LE. of H atom = 2.18 x10") 

LE. of He’ ion = 8.72 x10) 

Requirement: 

1.E. in kJ mol” = ? 

Solution: ; 

if we multiply the energy with N, and divide with 1000 their unit will become kJ mol". So 
2.18%107" x 6.02107 = 131331 kJ mol"! 


lonization en if H-ati = 
ati ergy of H-atom O00 
18 3 ; 
lonization energy of He*ion = = 8.7210" x6.02%10 _ 5249.4 ki mol”! 
1000 ’ 
lonization energy of H = 1313.31 mol” 
lonization energy of He’ = 5249.4kImo!™ 


Q22e. The experimental value of jonization energy of H and He’ are 1331 and 5250 respectively? How do yo, 
compare your answer with these values? 
Ans. Theoretical values: Ionization energy of H= 1313.3 KJ mol” 
Ionization energy of He’ = 5249.4 ki mol’ ‘ 


Experimental values: _lonization energy of H = 1331ki'mol” 
lonization energy of He’ = 5250 ki mo! 
Comparison: Both experimental and theoretical values are very.close to eachother. 


Q23. Calculate the wave number of photon, when the electron jump from 
(I) n=5ton=2,(i)n=5ton=1 


In which series of spectral lines and spectral regions these photons will appear. : 


Ans. Givendata: 
(i) n=2 (li) m= 
n=5 n=5° 
Requirement: 
v=? 
Equation: . 
D = 1.09678 x oft - fe 
La} 
Solution: , 


() 4 09678 x1'| 35 u 4 |m 1 
2 2 


6 =109678%10'|t- ze 


ee-' 5 
Age 


motte T 
apter 6 (Atomic g HEMISTRY - XI (Subjective) 
rc 
ee ee ee 
= 1.09678 * 107[0.21}m™ . 


| MOREE BSE, LY A a 


=0.23* 107m" 
2 2.3x10°m"™ 
photon belong to Balmer series in visible region. 
Rhy 
= 1.09678 x 10] > -— 
wan [ a 
= 1.09678 * 1070.96)m" 


= 1,052*107m"™ 
photon belongs to Lyman series in ultra violet region. 


(0) 2.3x10°m” (visible region) 
qi) 1.052 107m" (U.V. region) 


(ii) 


(photon of wave number 102.70 x 10° m™ is emitted when 

oan A proton ch the number of higher orbit and series to which oto th Bor, Pg ee ee et 
==Glwen data: 

owt a V = 102.70 x 10° m™ 7 

Rydberg ¢ constant = 1.09678 x 10’ m" 

Requirement: 

n=? 

Equation: 


D = 1.09678 x 10” 4-4 m! 
ny M2 


‘Ans. 


Solution: 


402.70 x 10° m™*= 1.09678 x [lt - |" 
ron 


102.7.x10°m"! F i+ 
1.09678 x10’ m7! 3 
1 
0.9363 = 1-—> 
Qn 
1 
—z «= 1 0,09363 = 0.0637 
na ¢ 


. = V15.708 


= 3.96 =4 (Lyman series U.V.region) 
Qasa. What Is de ar aeneah of an electron travelling.at half a speed of light? 


Ans, ‘Given data: 
Velocity of light = ¢ = 3x10" ms" 
Mass of electron = m= 9.1095 x 10°" kg 
Planck's constant = h = 6. cal x10 Js 
Requirement: : 
As? 
Equation: ‘ 


h 


mv 


Half of velocity of light = 


21 21 5x10" 


- 6.625 x10 Is 
9.1095 x10 kg x1.5x10°ms 

_ 6.625 x10 577s 
9.1095 x10~ "kg xJ.5x10°ms"! 


U=kg ms”) 
= 4.84x10"'?m 


° 
=0.484« 107" m=0.0484x10%m fio m=1 A] 


= 0.0484 


- ° 
de Brogtie’s wavelength of electron = 0.0484 A 
Qasb. Tomeant the mass of electron into grams and velocity of ight Into ems” and then calculate the wavelength of 


¢=3x10'ms” fa: m=10' cm) 
=3x10"% cms" 
m = 9.1095 10°" kg [1 kg = 10° 8) 
= 9.1095 x 10" g 
h= 6.625 x10“ Js (1 = 107 erg] 
= 6.625 x 10” erg [rerg=gem’s"] 
= 6.625x10"" gcm’s*s 
Requirement: 
Ainem=? 
Equavion: 
ae 2 
mv ; 
Solution: 
v = Half of velocity of light = 1.5% 10" cms” , 
So - 
6625x107?” gem?s~ s = 4.8x10- em 


op 6.825 x10 om SS 
9.1095 «107g x1.5x10' gems” 
= 0.48 x 107 cm = 0.048 x 10° cm 


incm = 0.048 x 19cm 


1 = 0.048 x10" m 
Requirement: 


Linam, A,pm=? ; 
Relationship: 


“0 e > 
wo” m=1A 
2 


102 m=1pm . 
10° m=i1nm 
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YY — XI (Subjective) 


) ° 10 . 
0.048 A fio’ m=1A) 
9.04810 ™ 
i) 9.048 x 10° * 10m [10% m=1nm) ¥ 
0.048 * 40°" nm = 0.0048 nm 
” na x10 Mm = 4.8% 107 107 Mm 
(iii) 0.048 12 


48x 107% m = 4.8 pm [10 m=1pm]> 
xinm = 0.048 « 10m 
nin em= 0.048 x 10%cm 2 


“= 


° 
pind =0.048A 
pin nm= 0.0048 nm 
xin pm= 4.8 pm 


ss _ 


Additional Questions 

— ‘theory versus de Broglie equation. 

0S Ss oe 
- One of the postulates of Boltr theory is that angular momentum of an electron is an integral multiple of s 

j 2n 


This postulate can be derived with the help of de Brogile concept of wave nature of electron 


So, 2nr=nd 
Pee |) 
n 
From de Broglie equation, 
note ti) 
iv 
Thus, bh 22m 
: m on 
mr = nv = velocity of electron) 
Lf Qn 


andr =(radiusof the orbit) 7 
ie. Angular momentum =n os 
2n 


—__This proves that the de Broglie and Bohr concepts are in perfect agreement with each other. 
&__Bohr’s theory is in well contradiction with Helsenberg’s uncertainty principle. Justify it. 


_ According to Bohr’s theory an electron is material particle and is moving with specific velocity in orbits # 
Specified radii. So its position as well as momentum can be determined with great accuracy. But according ‘0 


Uncertainty principle both these quantities cannot be measured experimentally. 7 


iii) 
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Important Previous Board Questions 


How will you relate energy of emitted light with its frequency and wavelength? 

The energy associated with violet colour is greater than red colour in visible spectra. Why? 

What is the function of principal quantum number? 

Calculate ionization energy of hydrogen atom by using Bohr’s Model. 

Give two defects of Rutherford’s Atomic Model. ’ 

Why the photographic plate is white and a few dark linesaare there in the line absorption spectra of a Substang 


peppoep 
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Lh he MESES LAMAN: 


: ' CHEMICAL BONDING 
ical Bond “The attractive force which holds together two or more atoms or 
s ions to form a large variety of compounds is called a chemical 
bond.” 
we ionic bond, covalent bond and coordinate covalent bond 
which are responsible for such bonding and the shapes of the molecules formed are as a result of chemical 


nem 


pamples 


forces 
combination. : 
ie of Chemical Combination 

t been observed that the chemical reactivities of elements, depend upon their characteristic electronic 
% configurations. 

The noble gases with electronic configuration of valence shells Is? (He) or ns’ np’ (Ne, Ar, Kr, Xe and Rn).show little 
’ 


tendency to react chemically. 
+ Noble gases are the most stable of all the elements. Hence 
{There are just only a few stable compounds, formed by these elements like XeF,, XeF,,XeOF,,XeO, ete 
{A noble gas does not react with another noble gas. 
Why noble gases are most stable? 


This can be explained on the basis of their special electronic configuration. Their atoms of the Noble 

caernost s and p-orbitals are completely filled. * Gases are stable because 
7 is if all of their electrons are 
me ; rt tt paired and the bonding 
Ne = 13 25 2p, 2p) 2pe shells are full 


In other words, noble gases obey octet and duplet rules which is the main cause 
of their stability and inertness. 
Octet rule 
“The tendency of atoms to attain a maximum of eight electrons in the valence shell is called ‘octet rule’ ~ 
pA other elements combine with one another, due to an inherent tendency to stabilize themselves. They get their 
sabilization by losing, gaining or sharing electrons to attain the nearest noble gas configuration 

Change In electronic configuration of some elements after gaining or losing of electrons 
Nearest noble gas 


Electronic Configuration 


After electron loss or | 


He (2) 
Ne (10) 


Ne (10) 


a 


|| 
Ar (18) 


[ 


? 


| 
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Important points about Octet rule 


1 Noble gases have complete octets (He has complete duplet) and are chemically inert. Q. Which of the $65 


2. Inert gas configuration is attained by-losing or gaining electrons under the octet rule. x ie 
3. In certain caiek both tendencies i.e. to joa or gain electrons have been observed. But hin ay Violates the 
the system will go by the conditions in which the chemical combination takes place. (a) CF, 
For example, in the chemical combination between sodium and hydrogen to form NaH, ‘ (c) BE 
hydrogen atom gains an electron. In the formation of HF, hydrogen atom donatesthe —-{c) N;O-=« (ay: No: 
i 


major share of its electron to fluorine atom. 


LIMITATIONS OF THE OCTET RULE ‘ 
The octet rule , though useful is., is not universal. It is quite useful , for understanding the structures of most o, 
compounds and it applies mainly to the second period elements of periodic tabfe. There are three types of exceptions” 
the octet rule. ° 
The incomplete octet of the central atom: 

In some compounds , the number of electrons surrounding the central atom is less than eight. This is specially the 
case with elements having less than four valence electrons. Examples are us BeH; and BCI; 


Li:Cl HiBe:H i:B:¢l 
Li, Be and B have I, 2 and 3 valence electrons only. Other such compounds are AICI; and BF). 


les: 
In molecules with an odd number of electrons like nitric oxide, NO and nitrogen dioxideNO;j , the octet rule is not 


satisfied for all atoms. 


Elements in and beyond the third period of the periodic table have apart from 3s and 3p orbitals, 3d orbitals also 
available for bonding. In a number of compounds of these elements there are more than eight valence electrons around the | 
central atom. This is termed asthe expanded octet. Obiously the octet rule does not apply in such cases. Some examples 
of such compounds are PFS , SF6, H2SO4 and a number of co-ordination compounds. 


iF: 


SF, H,SO, 
Sulphur also forms many compounds in which the octet rule is obeyed. In sulphur chloride the S atom has an octet of 
electrons around it. - 


3 : 


-cl—S8—Cl: or 1G1: 8 : C1: 


According to the modem theory of chemical bonding, atoms form bonds as it leads to a decrease in energy- Since low 
energy state is stable state so in molecular form, they get stability. 

Example: Formation of H, molecule 

When two hydrogen atoms approach each other, forces 

of attraction and repulsion operate simultaneously. 
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e forces tend to bring the two atoms 


, The ’ each other and the potential energy -of the Oy : 
dott © Oe Bg Ng kl ee ete us 
ther hand, repulsive forces tend to push the 
«onthe Ou" and potential energy of the system is 
oms apart .") — 
sats ; 3 fey Md 
n found that the magnitude .of potential $ ee 
It has for attractive forces is more than’ for repulsive a femmaton v-w 
encrBy Therefore, potential energy decreases as the 3 
forces: rogen atoms approach each other. 5 ie bond 
A satance / Compromise distance / Bond length e tyeoen oa vv 
entually, @ state corresponding to the distance of . 
Eerapm is reached, wheTe ; meri Hele vv 
A ees dominate the repulsive foroes. | eerrpreerr eGceereeeeecnerne 
” ial energy of the system is minimum. 
(i) Porenti® ad bonded to form 4 stable molecule. y 


iy Hydrogen atoms 
7 this distance of 75- 
fond enersy 

When the atoms approach 
extent. The amount 


4pm is called bond distance or bond length or compromise distance of two hydrogen atoms. 


the distance of minimum energy, then the system of two hydrogen atoms is stabilized 
of energy evolved is 436.4SkJmol" and is called bond formation energy. In order to 


imum 
ncn the same amount of energy has to be provided which is called bond dissociation energy. 
preak the bord, 9 
: H+H—>H, AH = - 436.45 kImol"' 
H; > H+H AH = + 436.45 kImol" 


Consequences of dominant repulsion forces 
when repulsive forces are dominant than the attractive forces then: 
(i) Energy of the system increases. 
(ji) Itleads to instability. 
(ii) A chemical bond is not formed. 
The size of an atom is very important because many physical and chemical properties are related to it. Atoms are 
assumed to be spherical. That is whiy, we report the various types of radii to guess their sizes. For this reason, the sizes of 
atoms are.expressed in terms of atomic radii, ionic radii and covalent radii, etc. depending upon the type of the compound 
used for its measurement. 
“The average distance between the nucleus of an atom and its outermost electronic shell is called atomic radius.” 

* Atomic radi.can be determined by measuring the distances between the centres of adjacent atoms with the help of X- 
rays or spectroscopic measurements. ss 

* The units for atomic radius are pm, nm or A. 

Why the radius of an atom cannot be determined precisely 

The atomic radius cannot be determined precisely due to the following reasons: 

() Thereis no sharp boundary of anatom. The probability of finding an electron ‘never becomes exactly zero even at a 

__ large distance from the nucleus. : 

(il) The electronic probability distribution is affected by nelghbouring atoms. For this reason, 
change from one compound toranother, 

Perlodie Trend 

pone the perlod 

tomic radii decrease from left to right across the period. It is due to. 


the size of an atom may 


‘ 


metre 8 tcneett Bent 
) 
(i) Increase in nuclear charge 
(ii) Shielding effect remains almost same across the period. 
As the nuclear charge increases, the pull on the electrons is increased and size of an atom decreases. 
second period, but less in higher periods. Moreover 


The decrease of atomic radii is very prominent in the 
decrease is small, when we travel from left to right in transition elements Se(21) — Zn(30), (9) ~ C448) due to the 


interveningelectrons 
Shielding Effect/Screening Effect 
_ “The decrease in attraction of nucleus and valence electrons due 10 presence of intervening 
electrons is called shielding effect or screening effect.” ? 
i is responsible for the decrease in force of attraction of the nucleus for the electrons present in the Valence 
- she 
* ft remains almost constant across the period 
© It increases down the group due to increase in number of 
Gown the group 
Atomic radii increase down the group duc to 
(i) increase in number of shells. 
(it) increase in the shielding effect 


f intervening electrons. 


“The radius of an ion while considering it to be. ical in : is called ionic radius.” 


a- Why the size of a cation is smaller than its parent atom? 


Cationic Radius 
A catinn is formed by the loss of electron or clectrons from a neutral atom. 


The ionic radius of a cation is smalier than the atomic radius of the element from which it is derived. It is due to 


(i) Imbalance of electron-proton ratio. 
(ua) Nucleus holds the remaining electrons with a stronger force. Q, The species that has the same 
qm) Usually there is loss of shell occurs during removal of electron. number of electrons-as 22CI is 
Consequently radius of cation is smaller than its parent atom. seas Secs 
For Exernple (a) (7Cl () eS 
— . wre (c) Gare (8) BS 
Na —+ Na + le Teh? a 


ial 
a Why the size of anion is greater than its parent atom? ee a : ‘ 


Anionic radius 
An anion is formed by the gain of electron or electrons by a neutral atom. 
The ionic radius of an anion is greater than the atomic radius of the corresponding atom. It is due to: 
(i) Imbalance of electron-proton ratio. 
(i) Nucleus holds the remaining electrons with 
(iii) During the addition of electrons. electronic cl 
For Example 
cl + le —> cr ee 
99 pm + 181'pm * 
It should be kept in mind that ionic: radius for metals'is for positive ions 
are for negative ions. 
Periodic Trend tugar t nm ! : 
The ionic radii decrease from left to right in up. The cationic radius 
decreases with the increase in the effective nuclear cl larger for divalent ions 


(Mg* ).and still larger for trivalent ions (AP). - 


a weaker force. 
oud expands and anionic radii increases. 


and for elements'of group ntimber VA to VuIA 


a period and increase from top to bottom in a gro 
harge on the ion. The decrease in radius is 


lon 
Remberofelectrons | 10 | 
Seeecon thenuciews | —-7 | 6 | 9 f= [a | 
a 


ip of jnterionic distance Rand ionic radii 


pation us consider, the positive and negative ions, which are held 
electrostatic forces of attraction in a crystal lattice. r, andr_are the 


we 0 of cation and anion, respectively. 


¢ 
ic Giisiance *R’ in a crystal lattice is equal to the sum of the a 

: sonic radi : 
anomie radius ©. and the anionic radius r_ : 


R=r+F 
pasling 2S able to determine the distance between K*andClions in 
le crystal and found that it 


jum vhlorid fc ; 
al to the sum of the radii of the two ions. 
R=133pm +181pm =314pm 


Thus, the ionic radius appeared to be an additive property. Pauling ¢: 
x’salts and calculated the radii of other ions from the relationship: 
r= R-r, 
Similarly, the ionic radii of different 


The relationship of interionic 
distance R and ionic radii 


xtended this concept to other 


cations can also be determined. 


“The covalent radius of an element is defined as half of the single bond 


length between two similar atoms covalently bonded in a molecule.” 
forexample, The covalent radius of H2 is 37.7 pm and it is half of the single 
tond length (75.4 pm) between the two H —atoms in H-Hmolecule . 


Determination of covalent radii 

_ The covalent radius of an atom can 
caperimentally determined bond length 
ofC-Clin CH,CI is 176.7 pm. The covalent radius 0 


takulated by subtracting this value from C-Cl bond length. So, the covalent radius of C-atom 
Periodic trend 
The covalent radii decrease from left to right in 


Covalent radius of H atom, 
(75.412 = 37.7 pm) 

be used to determine the covalent radius of another atom. For example, the 

9.4 pm, that of C-atom can be 


f Cl-atom being known as 9 
= 176.7 -99.4= 77.3 pm. 


riod and increase from top to bottom ina group. 
variations? 


Qs Define ionization energy. How it change in periodic table what factors are responsible for its 
e valence shell of an 


rr aa 
“The minimum amount of energy required to remove an electron from th 
isolated gaseous atom to form a cation is called ionization energy. 


i~<<—% 
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For exampies 
H—+H +le 
7 le 


SH = +1313 mol” 
SH = +520 J mol” 
AH = +496 J mol” 

Mg——_> Mz - le SH = +738 J mol” 
lomization energy cs actually the qualative measare of the stability of an isolated atom. Greater the ionization 
more stzble will be the atom men, 
© its measged @ i mol cakmof’ or eV 
. Noble gases have highest ionization energy values and thas they have high stability and least reactivity 


Factors influencing the tonization Energy 
lonmzation energies of ztoms depend upor: 


Ti) Atomic Radius of Atom 
As the atomic radius decreases, valence shell comes close to the nucleus. 


iu L 


Na ——+ Nz - Ie 


(i) Muciear Charge 
Greater the nuclear charge. greater will be the ionization energy. 
LE x Nuclear charge 
(iii) Shieiding Effect of inner electrons 
Greater the shielding effect, lesser will be the ionization energy. 
ie<—_! —_— 
Shielding effect 
{iv) Penetration Effect 
Arrangement of orbitals according to increasing ionization energy value. 
s>p>dof 
Variation of lonization Energy in the Periodic Table 


Across the period 
In the periodic table, the ionization energy increases from left to 
right in a period due to: 
(i) Increase-in the proton number, until a maximum value is reached at 
the end of the period. This may be explained in terms of the 
periodicity of the electronic-configuration of elements. Each period 
begins with an element which has one electron in its valence shelt 
and ends with the completion of an electronic shell. 
The increase in the atomic number is associated with the increase in 
nuclear charge which leads to a’stronger force of attraction between 
the nucleus and the increasing number of electrons. The stronger 
force of attraction, ultimately results in difficult removal of 
electrons. 
(iii) Decrease in atomic radius. : 7 ‘ 
Down the group 
The ionization energy decreases inthe group due to: 
(i) Successive addition of electronic shells as a result of which the valence el 
the nucleus. As the force of attraction between the nucleus and the outer 
distance, the electron can be removed more easily or with _ less energy. 


(ii) 


lectrons are placed at a larger distance from 
electron decreases with the incfeast " 


the intervening electrons which causes 


(ii) The force of attraction also decreases due to increasing shielding effect of 
decrease in ionization energy. 


ization energy values in periods 


ities of ion 
following abnormalities: . 
ure values of TILA group elements are less as compared to TIA. 
™ 
io LA group. electron is being removed from the p-subshell which is more extended orbital than ‘ 
eet, 7 have to break the pairs from s-orbitals of IIA group elements. Due to this reason, 
goctats! ts show abnormally high ILE values. ; \j 
fi OF en Agony are eaten teerey ee re 
@ > 
oa y-A group, elements have half-filled p-subshell. This half-filled p-subshell is extra stable. This extra stability t 
pad with nitrogen family enhances their LE values. In this way, VLA group elements have, abnormal . 
ionization energies. 
ee Jat Q Which of the following 2 
;N= Is 2s 2 ee a period element has highest 4 
sO=1s° 23° 2p. 2py 2pz bell baal Frag ‘ 
i : 
igher fonization Energies (b)N (a0 
second Jonization energy 
“The amount of energy required to remove the second electron after removal of first electron to 
form @ di-positive ion is called second ionization energy.” . A 
ce AH = +1450 kJ mol 


Mg ——> Mg” + le" 
ization energy 
wale amount of energy required to remove the third electron from outermost shell after the 


removal of second electron is called third ionization energy.” 
' 


le - 
once AH = +7730 kJ mol 


Me™ > Mg” +le 
itis clear from ionization energy Values that 
: Third LE > Second LE > First LE 


Q Second |.Evalue is always higher than first I.E value. Justify 
electron is removed from a positively charged ion rather than a neutral atom. 


‘Ans, This is due to reason that second 
The dominant positive charge holds the electrons more tightly and thus further removal of electrons becomes 


more difficult. : 
Mg ——>Mg' +e 
Mg’ ——> Mg” +e 
Applications of lonization Energy 
()tndex to metallic:character 
Ionization energy is an index to metallic character. The elements which have 
(i) Low ionization energies are metals. 
(ii) High tonization energies are non-metals. 
(iil) Intermediate ionization energies are metalloids. 
{il lontzation energy and Valency of an element 5 lenvof 
The gaps. in x i higher ionization energies help us to guess the va 
there is sufficient — ah 2 Se = and second one, then-the element shows valency of one. 
For example, carbon has six electrons and-has six ILE values. ‘The reasonable gap of I.E is present between fourth and 


fifth. That is why cafbon has valency four. 


AH = 738 kJ mol 
AH = 14504 mot 


an element. If, 
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2) 
(iii) Reactivity of metals < ; 
The reactivity of metals is inversely proportional to ionization energy. Metals will low onization energy (1A gr 
are highly reactive and vice versa. es 


Q.5 Define Electron Affinity. How it is change in periodic table. What factors are responsible for its variations? 


Electron Affinit 

; “The energy released when an electron adds to an empty or partially filled orbital of an isolated gaseous ator, ; 
its valence energy level to form an anion having a unit negative charge iscalled electron affinity.” i] 
Examples . 
AH = -349kJ mol” 


“8s cri 
Cl, tle! > Cry, 


tet 
F, tle! + Fy, 4H = ~322ks mol" 
Since, energy is released, so electron affinity is given the negative sign. Electron affinity is the measure of the 
attraction of the nucleus of an atom for the extra electron. 
Factors affecting electron affinity 
Following factors affect electron affinity: 
{i) Atomic radius —— > EA I/atomic radius 
(ii) Nuclear charge —— E.A« nuclear charge 
(iii) Shielding effect —— EA I/shielding effect 
Units: Its units are kJ mol”', k cal mol”', electron vo}t. 
Variation in the periodic table 
Across the Period 
In a period, the atomic radius decreases due to increase in the nuclear charge. Thus, the electron affinities of 
elements increase from left to right in the periodic table. That is why, the alkali metals have the.lowest and the halogens 
have the highest electron affinities, ; 
Down the group : 
In groups, the atomic radii increase with the increase in the proton number due to successive increase of electronic 
shells. This also exerts a shielding effect on the force of attraction between the nucleus and the valence electrons. Thus, 
* the electron affinities usually decrease from top to bottom. 
Abnormal behaviour of electron affinities inperiods 7 
© The elements of IIA group i.e., Be, Mg, Ca etc. have two electrons in the. s-orbital. They don’t accommodate the 
incoming electrons. Their electron affinities are less than IA=group elements So in every period of the period table, 
IIA group elements show abnormal behaviour. ‘ 
© Elements of VA group i.e. N, P, As etc. have half-filled p-subshells which is extra stable, Hence in every period, 
these elements show electron affinity values lower than IVA. . 
¢ Noble gases (VILA) have complete outermost shell and their electron affinities are zero. 


Q. __ Electron affinity of fluorine is less than chlorine although electron affinity values decrease down the group, 
Justify it. : Ve ne 
‘Ans. Actually fluorine has very small size (72 pm) and seven electrons in 2s and 2p subshells have thick electronic 


cloud. This thick electronic cloud repels the incoming electron. Thus fluorine have electron affinity less than that 
of chlorine. . " 


Ch. +le! > Cl" 


a AH =-349kJ mol” 
Fytlet > Fly 


. AH = -322kKJ molt. no) oa 


v : 
a. Why the second value of electron affinity of an element Is usually shown with a positive sign? s 


Ans. Usually the electronegative elements release energy when first electron is added into them. But when.a second 
electron is added in a uni-negative ion, the incoming electron is repelled by the already present -ive ion 


(s) 


[Bi LEIA 


$ 
gehol® 
In order to overcome this repulsion, energy is absorbed during the process. Thus the fo: is 
enaree) ion is an endothermic process and-its €.A. is shown with positive sign. mmmation of ah 
negat Oo+e 30 E.A,= -141 kJ mol” 
o+e-07 E.A,=4+780'kK) mot” 


a How, does 


explain what do you understand by the term electronegativity? Discuss its vari inte perboaic 
(i 


—ronegatl ity} 


ele “phe tendency of an atom to attract a shared electron pair towards itself in a molecule is called electronegativity.” 


0 unit. 
It ion Q. Which of the following 
explan® homonuclear diatomic molecule e.g. Hz, the bonding pair of electrons is 15 NOt 2 thermodynamic 
For ed between the atoms. On the other hand, in a bond between dissimilar atoms property of an element? 
shat density of the bonding electrons lies more towards the fluorine (a) lonization energy 


equally > HF, the electron 


such 85 yards the hydrogen atom. This unequal sharing is due to fact that F-atom has —_(b) Electron affinity 
tnradeney than H-atom to attract shared electron pair between them. It is related to —_(c) Electronegativity 
‘nization energy and the electron affinity of the element. (d) None of these 
oS rement of electronegativity Pauling scale 
Pauling calculated the electronegativity values of elements: from the difference between the expected bond 
energies for their normal covalent bond and the experimentally determined values. 


Which fluorine is given an arbitrary standard value 4.0 (Highest EN value) and 


seed an electronegativity scale on 
ae 0.7 (Lowest E.N value}. The electronegativity values of other elements are 


the electronegativity value of cesium is 


with fluorine. ‘ 
Variation of cise in Pariogile Table TEESOMEUNY. eens cae 
Across the perl difference 


Electronegativity increases from left to right’in the period a to: 
(i) Decrease in atomic size 
(i) Shielding effect remains constant 
Down the group ° 
Electronegativity decreases down the group due to: 
(i) Increase in atomic size 
(ii) Shielding effect increases 
Application of electronegativity 
1.Nature.of chemical bond 
The difference in the electronegativity values of the bonded atoms is an index to the nature of chemical bond 
() When the electronegativity difference is zero, the bond between the two atoms is non-polar covalent bond. 
(ii) ‘Those bonds which are formed between different elements are mostly polar €.g. HCI, CCh ete. 
(ii) Elements of widely different electronegativities form ionic bonds €.g. NaCl, MgO, KBr etc. 
(iv) A difference of 1.7 units shows roughly equal contributions of ionic and covalent bonds. 
2.BondStrength 
Greater the electronegativity difference between bonded 
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os 
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atoms, greater will be the bond strength and vice versa. 


___ Chemical bonds can be classified as: 
) lonic bond 
(ii) Covaterit bond 


s 


(il) Coordinate covalent bond 
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We shall , : «of chemical bonding, First ofall : ) nds/electrovalent Compounds 
Laws pekss wary these bonds with the help of different theories of chemical ing. First of all let us discuss th. compo pounds formed by cations and anions are called ionic or electrovalent compounds.” : 
ae pce tah formation. ae the xc C20, CaS. Al,Os, AbS3 etc. és 
esa ay pene tic force of attraction betw i ions i 
With the help of this concept, we can understand the tendencies of elements to have relation with each other, 90 ist a strong neem een cations and anions in these compounds. 
> f ture in ‘ 

tonic Bond or Elect ke jen Bond se af t ‘ ae | 7. bi ' of ionle we electronegativity also help us to understand nature of bond. So, in order to decide the % of ionic nat 

“The electrostatic force of attraction between oppositely charged ions i.e. cation and anion is called ionic bong og criteria © vg better to note the difference of electronegativity between the bonded atoms. ure 

os valent x os 1.7 or more than that, then the bond is said to be ionic. e.g. NaCl has 72% ionic character and CaF has 


Formation of ionic-bond 


¢ According to Lewis theory, ionic bond is formed by the complete transfer of electron or electrons from an atom wi a 
low ionization energy to another atom with high electron affinity. with in chemistry is 400% lonic in nature. Why? \ 
In energy terms, the electropositive elements (metals) are at @ higher energy state than the electronegativ 2 = 5 i Fi 5 
(rommetals) The energy difference will be Isneaer te for the ee of electrons from a higher py scien, puting ronic pond formation, when a cation approaches an anion, the net positive charge on cation tends to | 
lower energy state. : . qy attract electrons of anions. 


5 1 NX‘ . 
If the electronegativity difference is more than 1.7 between two bonded atoms then ionic bond will be formed. | nucleus of anions. 


1A group form lonic bond with VIIA NA group form lonic bond with VIA 


repel 
Oh ge effect of these two forces results in distortion of electronic cloud of anion. Anion is polarized and 


cationhhas polarization power. 
Anion also has same effect but not to a prominent extent due to small cationic size. 
polarization of fons, @ covalent character (mutual sharing of electrons) is observed in ionic compounds. 


Due to ; ape tao ‘ 
50.n0 bond in chemistry is 100% ionic. e.g., strongest ionic bond is present in CsF (AEN = 3.2) with 92% tonic 


character. 
nt Bond (Electron Pair Bond) 
force of attraction between shared electrons pair and nucleus of bonded 


1. Formation of Potassium Chloride A 
Let us consider the formation of potassium chloride. 


(i) The electronic configuration of potassium is 1s°, 25", 2p*, 30°, 3p', 4s". It may be represented as K(2, 8, 8, 1). It tends to atoms is called covalent bond. 
4 lose the outermost electron to form K’ ion. The energy needed to detach the electron from potassium atom is equal to formation 3 
its first ionization energy. Sd + According to Lewis and Kossel, a covalent bond is formed by mutual sharing of electrons between two atoms While 
Kea.) —? K aay the AH = 419.0 kJ mol” sharing, each atom completes its valence shell and attains nearest inert gas configuration. 
‘After the loss of an electron, potassium attains the nearest inert gas configuration of Ar(2, 8, 8) _ | Ifelectronegative difference between bonded atoms is less than 1.7, then bond : 

(ii) The electronic configuration of chlorine is 18°, 2s", 2p‘, 38, 3p’ or Cl(2, 8, 7). It tends to gain electron, lost from formed is covalent. : ¢ Covalent and ionic 
potassium atom, to attdin nearest inert gas configuration of Ar(2, 8, 8) releasing 348.6 kJ mol! energy which types of Covalent Bond (On the basts of polarity) compounds are bonded 
corresponds to electron affinity of chlorine. ‘There are two types of covalent bond: differently and they 

‘ C\(2, 8, 7) +1 e' ——+ CI" (2, 8, 8) AH =-349'kd mol” |. Non-polar covalent bond. ? behave differently. You 
4 (iii) The oppositely charged K* and CI” ions are held together by strong electrostatic force of attraction. 2 Polar covalent bond. cannot apply ionic 
(iv) K” and CI” ions arrange themselves to form a crystal lattice where proportionate number of cations and anions are {}Non-polar Covalent Bonds bonding sees to a 
packed together. The energy released during the formation of crystal lattice is 690 kJ mol". It is called lattice energy + Insuch bonds, el negativity difference is less than na pus that is 
f KCI. ae ectro saa ae Vv ; 
of ie ous AH =~690 kd tol" . rip electrons pair is equally shared. ; ; @ lonic bonds are present 
. arge, the bon 1oms remain electrically neutral. in a compound of @ 
esate ote tue even distribution of ch the bonded at lectricall: tral. oe sine ee 
Calcium oxide contain ions i the ratio of Ca” : O*. ‘ . i bonds 
Ca(2, 8, 8, 2) Ca?*(2, 8, 8) + 26° Hydrogen Chlorine Covalent bonds are _ 
Paes . present in a compound 


H:HorH-H :Cl:Cl: or CHCl 
ae of two non-metals. 


Ca” +0" _, C20 mute moleeles are Fa Bn, letc. 
3. Formation of Al,O. ia non-polar dovalent bond. This is due to cancellation of all dipoles of this molecule due to its symmetry 
AL and O i . Rok . m ly, all the C-Cl are polar but molecule is non-polar overall. 
ions are present in ratio 2 : 3: * Tetrachloromethan 7 
A\2,8,3) © ——> AP*(2,8)+3e . s fal 
0(2,6)+2e° ——> O*(2,8) 


0(2,6)+2e° +——> 0*(2,8) 


{ 30° + 2A" 7 ae AO; 
, ‘ 
{ Similarly, CaS and,Al,S, are alsord compounds to some extent. 


wah z ; = SES a Meg as . ; Ses - 
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; Seng eovalen | sharing of ‘ 
© The molecules like CHa, SiH, and SiCl, also follow same attitude of ion-polarity due to symm: f po” 4 formed by mutual sharing of two electrons pairs is called double covalent 
(2) Polar Covalent Bonds Pree ure nee ee 
© If the electronegativity difference” between the bonded atoms is more than 0.4 upto 1.7, then bond is po} 9 one 
bond. Polar cq, Bi H H H H 
© When two different atoms are joined by a covalent bond, the electrons pair'is not equally shared betwee fie o cad 
atoms. boride H H 4 S ¥ 
© The bonding pair of electrons will be displaced towards more electronegative atom. This would make - . , 
molecule partially positive and other partially negative. One eng of covatent bond A 
Examples raple ‘Atond formed by mutual sharing of three electrons pairs is called triple covalent bond. It is represented by (=). 
: Hik: or HiF = HiQiH or H—0 pate. 
1. : Ethyne 
H é H:C::C:H or H-CsC-H 


Methyl chlorid . mane 
vi ride / a the following molecules will be polar or non-polar. Sketch the structure and justify your answer 


: H xs le Ga WMG, H) $y (0) Sa NF 6) PE, ($0, (A) Se, 
H:CiCl*x —* or Cc 2 
he PAG << — a 
r HH Cl Shape: Regular tetrahedral > 1 
Methanol f =0 : c™ 
H cate . JwWNes 
H.. | Reason: All vectors created by individual bonds are cancelled so a net polar effect a” IS 
HiCiQiH or H—c—6>* ore : is zero. ‘ “a 
i if \y Result: Non- polar molecule . ps0 
‘An atom can share more than one electrons. (i) SOs: re) 
Nitrogen “ Triangular planar , 
N; is an inert gas having a strong triple bond. oe a \t 
rNisiN: or :NsN: pe zero : . ‘ : : IPR 
The molecule of O; makes a double bond. - Reason: All dipoles of SO, are cancelled due to its symmetry ¢ xX 
een wo. Tae ee ee Result: Non- polar molecule ; 5 a 
O20 of 9-0 mye ve 
Carbon dioxide is a non-polar covalent compound, although it is formed from heteroatoms. The linear structure balances “e agg 7 5 : : F 
\ the polar character on both sides of the carbon atom. Shape: Seasaw like instead of trigonal bipyramidal 4 Fall 
meee : Reason: Distortion of structure d 7 a 
ve ss oe +s n: Distortion i : ; 3 
£Or:C:01 oF G-c-0 at tion of ure due to lone pair. A net effect of bond-vectors Is k \| 
Some of non-metallic atoms, particularly carbon atoms mutually share their electrons with each other. This lead Result: Polar molecule F 
to formation of extended chains which is basis for formation of large sized molecules called macromolecules. Far ped 
examples, diamond, graphite, SiC etc. -(W) NFy: ; H 
; Types of Covalent Bond (On the basis of numbers) Shape: Pyramidal 
1. Single covalent bond A p>o 
2. Double covalent bond Reason: Distorti ‘ : 
| 2 Triple covalent bond ; meee of structure due to lone pair. A net effect of bond vectors Is 
i agle covalent bond ; ’ Result: Polar molecule 
VA ‘A bond formed by mutual sharing of one electrons pair is called single covalent bond. It is represented by - {v) PF): 
r : Shape: pyramidal. Fs 
; H Réssinaspieas nro ; , 
ae ' | n: Direction of structure due to lone pair. A net effect of bond vectors is E:- 
~ Pa poh ey observed. 
Result: Polar molecule 


ai ai 
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(vi) SO;: . 
Shape: Angular oF \ 
pro 0 
Reason: Structure is distorted due to lone pair so bond vectors have a net effect. 
Result: Polar molecule 
(vii) SFy: F 
Shape: Octahedral (regular) YAWN 
u=0 Fe F 
Reason: Bond vectors cancel the effect of each other due to regular structure. 
Result; Non polar 
(viii) IF: F iS F 
Shape: Regular pentagonal bipyramidal. YW 
w=0 4 
Reason: Bond vectors cancel the effect of each other. 
Result; Non - polar molecule 
a. Describe polar and non-polar molecules? 


Ans. (i) Polar and non-polar molecules: 
Molecules charges on bonded atoms have partial positive and partial negative centres because of 
difference of electronegativity. Additional attractive force is created between bonded atoms due to 


dipole formation. As a result bond is stronger than it is expected 

Example:- 
Bond energy (Calculated) for H-Cl = 336 kJ/mol” 
Bond energy (observed) for H-Cl = 432 kJ/mol"! 
Difference in Bond energy = Bond energy (observed) — Bond energy (calculated) = 432 - 336 = 96d 
mol” 
Difference in Bond energy is created due to extra strength of polar bond/ionic character of molecule. 
On the other hand, no dipole formation occurs in non-polar molecule, so bond is comparatively weaker 


\ 

e.g., bond energy of CI-Cl = 242 kJ mol”. 

Hence, we conclude that a polar bond is stronger than non-polar bond due to ionic character present in it. 
Coordinate Covalent Bond (Dative bond) 

“The bond between two atoms when the shared pair of electrons is 
donated by one of the bonded atoms is called coordinate covalent bond,” 
Examples 
(i) The bond formation between NH; and BF;. ‘ * 

N#H, has three covalent bonds and there is a lone pair of electrons on nitrogen atom. On the other hand, boron 
atom in BF; is deficient in a lone pair of electrons. Actually, the octet of B is not complete in BF; - Therefore, nitrogen 
can donate the pair of electrons to the acceptor BF; and this results in the formation of a coordinate covalent bond. 

H F H F 
| | b. A 
Nf eb H—N'—B—F 
7 | ' oi 
| | | 
; HOF HF 


complex 


j donor acceptor 
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ea 
mation of ® coordinate covalent bond, the distinction between covalent and coordinate covalent bo: 
nd 


Aner fo 
oo gbes- 
yyéroniur ton (H’), then a hydronium i 
1] Myhen water accepts & Proton (| ), then a hydronium ion is formed 
H 
ae o t f 
Ot nh ——? 9. 
7° N 7N 
H H H H e 


"_+* 


donor acceptor hydronium ion 
11 the three bonds between oxygen and hydrogen have equal status. 
is bond is 33% coordinate covalent and 66% covalent. 


(ay oxonlum lon . : rere 
All the alcohols and ethers offer their lone pairs to H” just like water to form coordinate covalent bonds. The ions 


are called oxonium ions. 
” produced 


~~ ee 


H 
— . L 
SN aN 
R H R H 
oxonium sh of alcohols 
—™ 


rs + t, 
O.+ H — 0 
an is 
R R RR 
an ether oxonium ion of ethers 


alcohol 


(v) Ammonium lon 
‘Ammonia donates its electron pair to H ion to give NH; ion. All the four bonds behave alike, in NH; ion. 
H H . of H ly 
| 
N 
7\N 


H HH 


om, 
H—N:+H ——>|H—N—?H] or 


H H 
. ammonium ion ammonium ion 
All the primary, secondary and tertiary amines like ammonia make such bonds with H" ion. 
(v) Phosphonium lon 
When PH, phosphine accepts a proton (H" ion) , then phosphonium ion is formed. 
. + + 
H H H 
I~, | 
H—P: +H ——>|H—P—>H| or 


Pp 
| | NSS 
H H H HH 

phosphonium ion phosphonium ion 


. ' 
: Coordinate covalent bonds are present.in HNO. . 
oxyacids of halogens like (HCIO>, HCIO;, HCIO,) have coordinate covalent bonds between chlorine and 


0) 
initations of Lewis Concept 4. 
lassical Lewis model can successfully explain: 


ae 
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1 How atoms are bonded to one another to form a molecule. i) 
2 How the electrons are shared between the bonded atoms. ¢ 
But Lewis model does not explain the shapes and geometries of molecules. Since shapes of molecules ‘are y 

important for explaining many physical and chemical properties of substances. ery 
So Lewis model has no wide acceptance in Chemistry if 
a] 


ictus down the necessary features for a true model of covalent bond formation 
hapes and geometries of molecules, bond polarities, bong 


@ A true model should be able to justify molecular : 
distances and various enerBy transitions as evident by spectroscopic techniques. 
| feifures of molecules during chemical reactions, 


(i) This model should also make clear the unique behavioural 
Q6. wilte the Lewis structures for the following compounds: ‘ ) 
(i) HCN (i) CCL, (iii) CS; (iv) HN —> AIF; (v) NH,OH 
(vi) Hs80. (vil) HPO, (wilt) KzCr0> (1x) NiOs (3) Ag(NH)NO, ; 2 2 
ot [EN Ag<—NH] NO, 
® ‘HCN ¢ i 
He «Ci iN: H—C=N . IMODERN THEORIES OF COVALENT BOND t 
@ cc, Following are the modern theories, which explain satisfactorily the above requirements for covalent bond 
jl foation, based on wave mechanical structure of atoms, 3 
ci—c—cl 1, Valence shell electron pair repulsion theory (VSEPR Theory) { 
2, Valence bond theory (VBT) , 
cl 3, Molecular orbital theory (MOT) ‘i 
(it) = CS, . In addition to above, crystal field theory and ligand field theory explain the formation of coordination complex 
s=—c=S - compounds formed by transition metals. 
(vy HUN Al, Hoo aoe ‘VSEPR stands for “valence shell electron pairs repulsion theory” 7 
DE ae, ae ’ Introduction 
H+ -Ni Alt °F? iH —N—*AIl— Fi cs 
hock is 1 ot ‘ 4:Ségwick and Powell 
\ 3° - : Sidgwick and Powell in 1940 pointed out that the shapes of molecules could be interpreted i of electron 
(v) © NH,OH : pairs in the outermost orbit of the’central atom. arin 
@ H Ty 2.Nytholm and Gillesple 
afin or : Nytholm and Gillespie developed VSEPR theory, which explains the shapes of molecules for non-transition 
7 | . ne o elements. 
He Deny ; ' Basic assumptions 
wp WSO. ; The valence electron pairs (lone pairs and the bond pairs) are arranged around the central stom:to remain st « 
10! Q : pare distance apart to keep repulsions at @ minimum... . ‘ 
Postulat ‘% 
H—O— S—O—H () Mast vseen theory : Rk - 
» i . fi) Jone pairs as well as bond pairs participate in determining the geometry of the molecules. 
fe) The ton fst eranged around the cenzalplysen fom soo renin tamasimm uae 4S 
(vil) HPO. - iy avoid repulsions. 
I} . 
0 ; rele electron pairs of lone pairs occupy more space than the bond pairs. ‘ 
gad ; ’ en electron pair is attracted by both nuclei of atoms while non-bonding by only one at 2 
bondin & lone pair experiences less nuclear ‘sitraction, its electronic charge is spread out more in space than that for 
tend ~ tir. As a result, the non-bonding electron pairs exert greater repulsive forces on bonding electron pairs and thus 
Compress the bond pairs. ; ; \ 
magnitude of repulsions between electron pairs in & given molecule decreases in following order: 
Lone pair-lone pair > lone pair-bond pair > bond pair-bond pair j 


242 Chapter 6 (Chemical 


These repulsions are called van der Waals repulsions. . . . 
(iv) The two electron pairs of double bond and three electron pairs of a triple bond, contain = higher electronic g 
density. Therefore, they occupy more space than one electron pair of a single bond but behave like single electron "® 
in determining the geometry of the molecules. This is because, they tend to occupy the same region between thet 
nuclei like a single bond. Wo 


Shapes of molecules according to VSEPR theory ee ar 
In order to illustrate the VSEPR theory, let us consider that the central atom is ‘A’ and it is a polyvalent 


Number of side atoms depends upon valency (combining power) of central atom. More than one “BY type atoms are Tinkeg 
with ‘A’ to give different type of molecules like. aA 

1. AB; type molecules 
2. AB; type molecules 
. pe molecules 


ing Two Electron Pairs (AB, type) 
Number of electron pairs 
Two electron pairs. 
Bonding pairs 
Two bonding pairs. 
Lone pair 
No lone pair. 
Arrangement of electron pairs 
Linear. 
Molecular geometry 
Linear. 
Shape ae 


B—A—B 
Central atom or polyvalent atom is from group IIA or IIB. 
be from VIIA. 


SS 
ol Ea ee 
Lave 


CaCI,,SrCl,,CdCI, and HgCl, are also linear molecules. 


on P. (AB, type) 


2. Molecules Containing Three Electr 
(a) AB, Type with No Lone Pairs 
Number of electron pairs 

Three electron pairs. 
Bonding pairs 

Three bonding pairs. 
Lone pair 

} No lone pair. 
Arrangement of electron pairs 

Trigonal planer. 


airs 


jar eometty 
ole gonal planar. i 
120° 
a> ee 
120° SZ y 
120° , SF 
Electron pair ‘Arrangement | Molecul: aN! 
T jar 
Sees tone |" |""eare |aromeen| ee |} 


Trigonal \ ae 
planar 


Trigonal 


Trigonal 
planar 


bon . 
Lone palrs f 
One lone pair. t ; 
Arrangement of electron pairs 
Triangular planar. 
Moleculargeometry . 
Bent or angular. , } 


Examples 
__, SnCl has AB; type molecule with one lone pair. In SnCh one of the corner 

bait, giving tise to a distorted triangular structure in vapour phase. 

(¢)AB, Type with Multiple Bonds 

In'SO,, one. comer of triangle is occupied by a lone pair andtwo comers 


ee ve 
SO, AB; wil 
| 
woxide Seale 


IN$O,, all three regions, each are occupied by S = O bonds. Thi 


of the triangle is occupied by a lone 


each by S = O double, bond. 


Triangular planar 
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2 Triangular 
Triangular planar planar 


] 3. Molecules Containing Four Electron Pairs (AB, Type) 


(a) AB, Type with no Lone Pairs 
' Molecules containing four electron pairs. 
Total electron pairs 
Four electron pairs. 
Bonding pairs 
Four bonding pairs. 
Lone pair 
No lone pair. 
Arrangement of electron pairs 
Tetrahedral. 
Molecular geometry 
{ Tetrahedral.” 
} Shape 


four comers, four faces. 5* 


On the same grounds, SiH,, GeHs, CCl, form similar geometries. This structure has 
edges and six bond angles. 
(b) AB, Type with One Lone Pair and Three Bond Pairs’ 


Total electron pairs 
Four electron pairs 


pample ; 
‘ammonia, N H, is a typical example. 
Nels?,257.2Pe'»2P, »2Pe 
non-bonding electron in 2s orbital takes up more space and exerts a strong repulsive force on the bonding 
Tt: irs. Consequently, to avoid a larger repulsion, the bonding electron pairs move closer that reduces the 


aed ange from 109.5° to 107.5°. This effect compels ammonia to assume a triangular pyramidal geometry 


of tetrahedral, as in methane. 


Similaraffects are evident in the geometries of molecules like PH,,AsH,, SbH, and BiH,. 


@ Bond angle In NF, (102°) Is less than In NH, (107.5") . Justify. 


In NFy, thé strong polarity of N-F bond pulls the lone pair of N atom closer to its ni 


stronger repulsion over bonding electrons. Thus, 
+ N-F'bonds are more close to F atoms than N atoms. The increase 


tepulsions less operative. 
(JAB, Typewith Two Lone Pair and Two Bond Pairs 
Total palrs ) 
Four electron pairs. Z 
Sonding pairs ; 
Two bonding pairs. J 
lone pairs ; 
-Two lone pairs. s 
Avangement of the electron pairs 
Tetrahedral. 


Ans. ucleus, which in turn exerts @ 


the angle further shrinks to 102°. Moreover, the bond pairs in 
d distances in these bond pairs make their 
’ 


Py 
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niches boom Cal By 15 CHE e) oe 
Bent or angular. 7 
re , NH;, NH,, NH, have bond angles of 105°, 107.5° e % 
ne GOT ing thee structures. TOTS" an 10915" respectively. ustity these valves by 


Type of molecules 
No. of bond pairs 
No. of lone pairs 
Bond angles 


Shapes of molecules 


For ; en 
oe Water (H,O),a triatomic molecule is expected to be an AB,type linear molec 
BeCl, and CO,. But, experimental evidences confirm a bent or angular geometry. VSEPR theory, successful - 


the experimental results i Sis ARE ie ris HY just 
pe of wakes ree arguing the participation of lone pairs, in addition to bond pairs in determining One 


Difference in bond angle is due to different types of electronic repulsions in these molecules 

In NH;, due to presence of all four bond pairs, magnitude of repulsions is same. Therefore, structure is regul 
tetrahedral with an angle of 109.5°. ; i 
In NHy, presence of one lone pair distorts the geometry of molecule, as lone pair-bond 

than bond pair-bond pair repulsions causing a decrease in angle i.e., 107.5°. Ce ne oe oe 
In NH; due to two lone pairs, greatest repulsions of lone pair-lone pair distorts the structure to a greater extent and 
bond angle decreases to 105°. 

nd Theory (VBT) 

According to valence bond theory, the partially filled atomic orbitals overlap to form bonds but the individual 


sO =1s?,2s?,2p?,2p),2p, 
___ Two of the corners of a tetrahedron are occupied by each of the two lone pairs and @ 
remaining by bond pairs. But owing to spatial arrangement of lone pairs and their repulsive action S: \, 
among themselves and on bond pairs, the bond angle is further reduced to 104.5°. oH 
H,S,H,Se, H,Te form similar geometries, F 1 


a characters of atomic orbitals are retained. Greater the overlap, the stronger will be the bond formed. 
twas ines by Hitler and London in 1927. Later on, it was further extended by Pauling. It is 
based on quantum mechanical principle and gives us information about 
Limitations of VSEPR theory (i) Shapes of molecules. 
VSEPR theasy predicts and explains the shapes of molecules but does not give reasons for the formation of bons | (ii) Bond formation in molecules. 
a VBT is concemed with both the formation of bonds and the shapes of molecules. __ Explanation 

According to quantum mechanical approach, a covalent bond is formed when half filled orbitals in outer or 

- Qe. The molecules of NF, and BF, have same molecilar formula of ‘the XF, type. But they possess diffes ease shal 3 fr 
pa Ils of two atoms overlap, so that a pair of electrons, one electron from each atom, occupies the overlapped 

a 5 ) 
structural formutas. Keeping In view VSEPR theory, sketch the gags of each Molecule and explain orgt¥) inal As a result of their overlap, the electrons with opposite spins become paired to stabilize themselves. Larger the 
differing in shapes. 1. K] overlap, stronger is the bond. The essential conditions for chemical bonding are: 


1. The orbitals of atoms participating in the bond formation must overlap. 


in riumber of electron pairs and te 


Ans. According to VSEPR theory shapes of molecilles are mainly based. paper P , id for i ; 
arrangement around the central atom. Nitrogen and Boron are central atoms of these compounds belongrt! Types direction of bond is determined by the direction of two overlapping orbitals. . 
V-A and Ill-A groups respectively. of bonds 
There are two types of bonds: 


(i) Sigma bond (6 - bond) 
ii) Pi--bond (x-bond) 
(1) Formation of H, Molecule 


“99 0 @ 


‘Overlapping of orbitals Covalent bond in H, 


‘Separated H atoms 
s ands orbital overlap in Hz 
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hae, 
As the two hydrogen atoms approach each other, their Ist orbitals overlap. a a TR SPIO E 


° They give H-H bo: i i 
{signs boas, nd. The electron density becomes concentrated between the two nuclei, The bond is Calle g 


(2) Formation of F, Molecule 


The bond in the fluorine molecule (F2) is formed by the overlap of half-filled 2p, orbital on each Muorine ston, 


f 
oo Somme ‘! 
oF = 15°, 2s?, 2p,, 2Py, 2px * «4 wane \ 
nd 
> ’ 
eo _e Sersnn ovwree 
=> See $e 
praesent Sona gmat snaee vo : yl 
{5) Formation of H,S Molecule 
The formation of the fluorine molecule ii fii lecule, and the bond betwee: - i ° J 
H;S is a non-linear mo! » angle n the two H-S bonds is about 92°. Each two 3p-orbitals p 
{3) Formation of HF Molecule ofsulphur containing one electron can overlap with the Is orbitals of hydrogen atoms. r? cA ‘ 
The H-F bond is formed by the pairing of electrons — one from hydrogen and one from fluorine. According io yj * 
theory, we must have two half-filled orbitals - one from each atom that can be joined by overlap. eS = 35, 3p, in, apt 
i 2525, 1, 1 
iH= Is oF = Is’, 2s’, 2py, 2py, 2p: 


L wt tt 
The overlap of orbitals provides a means for sharing electrons, thereby allowing each atom to complete its valear, HS= k, 3Pu 3Py, 3Pe 


shell. The fluorine atom completes its 2p subshell by acquiring a share of an electron from hydrogen as shown below, 
1 
HF = t at att 2p. 


The requirements for bond formation are met by overlapping the half-filled 1s orbital of hydrogen with the hil. 
filled 2p orbital of fluorine. There are then two orbitals plus two electrons whose spins can adjust so they are paired. The 
formation of the bond is illustrated in Fig. 


overiap of orbitals, f- 
Thus, the VBT requires the idea of overiap to explain the geometry of the hydrogen sulphide molecule. ( 
a 


Q _ Asigma(c) bond Is stronger than a pl(n) bond. Justify. 


F . : Hef: 
° The formation’ of the hydrogen fluoride molecule 


os 


Aws: bond is formed by linear overlap of atomic orbitals and charge density is concentrated between two nuclei 50 
Breater forces of attraction are present here. 


On the other hand, n bond is formed by parallel overlapping of orbitals and charge density lies above and below 
the line joining the two nuclei. As a result a comparatively less force of attraction is present here 


CO + Ooo CDO ; 
Ps ; 


P ¢ bond formation 


(4) Formation of Nitrogen (N;) Molecule 
Consider, the bonding between nitrogen atoms having the electronic. configuration 


aN = Is", 2s’, 2pl apl 2p! the three unpaired electrons on each atom are located in perpendicular p-orbitals, which 
oriented so that if one end-to-end p-orbital overlap occurs (resulting in @ sigma bond), the other two p-orbitals 
overlap in the same fashion, Rather, they'are aligned parallel tothe comespofding orbital in the other afom. 


Ae an 
nA + w 


So. bond is stronger than a x bond. 
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Chapter 6 (Chemicai 5, 
For example: 
C-C bond is o in nature. 
Bond energy of C-C = 348 kJ mol” 
C=C has one a and one x bond. 
Bond energy of C = C = 614.KJ mol” 
Difference between two bond energies is (614 — 348) = 266 KJ mol 
Which is bond energy of x bond. 
Bond en of x bond < Bond energy of c-bond. 


a8. (iv) ® bonds are more diffused than o bond. 


Sigma bond is formed by the linear overla i 
p of half filled orbitals. In o bond, electronic charge den: 
the inter-nuclear axis and strongly attracted by both nuclei. ae doy 


‘ess in which mixing of atomic orbitals having different sh: 
“8 swith same shape and energy but different orientation is called tytediewea pees 


: is, the atomic orbitals dit i ies ii . 
according 0 this ie atomii itals differing in shapes and energies intermix to form new orbitals which are called 
h 


prid 0 ' , 
They differ with the parent atomic orbitals in shape and possess specific geometry. 


lon 
The atomic orbital hybridization gives us a satisfactory explanation'for the valency of the elements, 
belonging to ground state are promoted to the exci Q : 
We umber ‘of unpaired electrons. excited state as a result of which there is an increase in 
xcited orbitals undergo hybridization simultaneous: i "i 
Teancous process. usly because the promotion of electrons and hybridization is a 
energy required for excitation.is compensated by the a ae: 
fond formation with other atoms. by the energy released during hybridization and the process of 
+ Hybridization leads to entirely new shape and orientation of valence orbitals of atom. 
+ Iholds significant importance in determining the shape and geometry of molecules. 
types of hybridization = 
jing upon the number and nature of the orbitals ‘icipating i idizatic 7 
hybridization take place which are as follows: Participating in hybridization, differem types of 
1. sp’ hybridization 
2. sp hybridization 
3. sphybridization 
Difference between o and’x bond 1)sp' HYBRIDIZATION 
“In sp’ hybridization, one s and three p atomic orbitals (slightly differ in energy) intermix to form 


[sr | Sigma bond (c) ‘ ; 
Sigma bond is formed by linear or head to Pi bond Is formied by parallel or side to side overlap four equivalent orbitals called sp’ hybrid atomic orbitals.” 
head overlapping of partially filled orbitals. of atomic orbitals, (}) Bonding and Structure of Meth CH,)| 
Gectronic Configuration of Carbon 


iy | Representation of sigma bond is ‘o’. Representation of Pi bonds is x. 


H H 
x bond is formed by parallel overlap of half-filled atomic orbitals. In x bond electronic charge density lies abo 
and below the inter-nuclear axis and is weakly attracted by riuclei. 
Less nuclear attraction causes a more diffusion of x bond than o-bond. 


a Differentiate between o and x bond. 


a. hoe > 


’ 
y 


Ground state electronic configuration of carbon is: 


1uo104 
_ AC (ground state) = Is, a 2Pu 2Py» 2Px 
phrizaton occurs only in central atom. Therefore, we consider carbon during hybridization. 
ned state electronic configuration of carbon is: 


Electronic charge density is present on bond | Electronic charge density is present above and 
axis between the two nuclel. below bond axis of two,nuclel. 

Charge density of a-bond Is comparatively | Charge density ‘of m bond Is more diffused due 
less diffused than n and due to stronger lesser nuclear attraction. 


nuclear attraction. ‘ 
lw) | Sigma bond is stronger. x bond is weaker. ; L . & 
i aaparivdy nen | #bend compare recive wet etet)= hala aban 3 f 

o-bond is comparatively inert. Formation these atomic orbitals have different shapes and energiedl” A. ° 

Bonded atoms ajways form o-bond firstly and | n-bond formation is preceded by o-bond for lon of hybrid orbitals 7 ye 

then n-bond if necessary. p Four half filled afomic orbitals of carbon intermix {p form four hybrid orbitals. 

¥ 
1, gre 


is (hybridized state) = it 2, a 2, sp 
6) Pa orbitals have , 
fi) shapes, 


Examples: H-H 
o-bond 


Limitations of VET 


Following are the limitations of VBT: fi) i energies (degenerate orbitals) j 
1. It fails to explain the paramagnetic behaviour of oxygen. ~ (wy M, rent orientation in space. 
Ore stable than atomic orbitals. { 


2. VBT does not explain the equivalent tetravelency of carbon in methane. 
3. It fails to tell the bond angle in water and ammonia. 


Chapter 6 {Chemical Bong 
Orientation of hybrid orbitals 
As hybrid i i i i i i it 
i pine ri orbitals have different orientations in space. Each sp’-hybrid orbital consists of two lobes, one 
2 
o wie fF ¥. 
pees 
nota 
; Rte ae 
Sp° hybridization of carbon atom to give Lai ade wi 


four sp* - hybrid orbitals 


The four equivalent hybrid orbitals are directed towards the four comers of a regular 
voto They are oriented in space in such a manner that the angle between them is 


Formation of methane molecule : 

Methane molecule is formed by the overlap of sp’ hybrid orbitals of carbon with 
Is orbitals of four hydrogen atoms separately to form four sigma bonds. The molecule 
thus formed, possesses a tetrahedral geometry. The four C-H bonds which result from 
sp’-s overlaps are directed towards the comers of a regular tetrahedron. The tetrahedral 
structure of CH, has four faces, four comers, six edges and six bond angles of 109.5°. 
Bonding and Structure of Ammonia (NH,)} 


Electronic Configuration of Nitrogen 
Ground state electronic configuration of nitrogen is: 
tio1.1.1 
7N (ground state) = Is, 2s, 2px, 2Py» 2Px 
All these atomic orbitals have different shapes and energies. 
Formation of hybrid orbitals 
Four atomic orbitals of nitrogen intermix to form four hybrid orbitals. 


sh dah sh 


\ 2N (hybridized state) = 

All these hybrid orbitals have: 
(i) Same shapes 
(ii) Same energies 
(iii) Different space orientations 
(iv) More stable than atomic orbitals 
Orientation of hybrid orbitals 

All the hybrid orbitals have different orientations in space. Eath sp’-hybrid 
orbitals have one major and one minor lobe. 

a Ea . 
nome 
+ enn ane 
Sp’ hybridization of nitrogen atom to give Foe wo) tyes orate 

four sp’ - hybrid orbitals 
These all are directed towards the four comers of a tetrahedron. 


(a) 


Four sp'-s overiape in tetrahedat 
‘structure of CH, molecule 


A GHEMISTRY = XI (Subjective) 
gch@ 


ammonia molecule 


jon of 

format nitrogen atom undergoes three sp’-s overlaps with th i 
rsvoeen atoms. The three hydrogen atoms are located at the Pala ave as 
hytereas the lone pair of electrons is at the fourth comer of tetrahedron “The 
“sult is @ pyramidal molecule in which the three hydrogen atoms forms the - 
fete and the lone pair of electrons forms the apex. : 


(105°) 


ans: The experimentally determined angle in NH; is 107.5°. The deviation from the 


tetrahedral angle 109.5” is explained on the basis of repulsion between the lone 
pair and the bond pair of electrons. The lone pair is closer to the nucleus of 
nitrogen than the bond pair and thus bond angle in ammonia is decreased. 


fii) Bonding and Structure of Water (H,0)} 
\ 
flectronic configuration of oxygen 


. Lit 1.1 
sO (ground state) = Is, 2s, 2ps, 2py, 2p, 
These atomic orbitals have different shapes and energies. 
formation of hybrid orbitals 
Here 2s and three 2p-orbitals of oxygen intermix to form four sp'-hybrid orbitals. 


I, th 
2, sp’, yy, aD 


Torna aps 8 ereiape in 4, malecuin 
loom enyrames: cenere 


poy SR AREAS BW 


8 


10 (hybridized state) = 
These hybrid orbitals have: 
(i) Same shapes. 
(ii) Same energies. 
(iii) Different orientations in space. y 
(iv) More stable than atomic orbitals, . 
Orlentation of hybrid orbitals 

All the hybrid orbitals have different orientations in space. Each sp’ orbital has one major and one minor lobe 
<= la 


shape of one sp'orbaal 


having two lobes ¥ 
+ & 
Four sp" hydnd orbaats + 


two available lone pairs of electrons. The remaining two half- 
‘to form sigma bonds. The two H-atoms occupy two comers of 
by two lone pairs of electrons. Water molecule has bent or 


ame an > 


Formation of water molecule 
filled Two hybrid orbitals are completely filled by the 
orbitals undergo sp’-s overlaps with hydrogen atoms 
ron and the remaining two comers are occupied 
‘ngular structure. 
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of BFs Molecule 


formation © he p-orbitals of fluorine is half filled ie. LNs wehenn ees. 
pe three half-filled sp? hybrid orbitals ef berea With Tobe he the form ofa abe 


BF; is formed by 
rb 
re ot i? ongulat planer. P-orbitals of three f} 


luorine atoms, The 


= 
Ss 


sp’ - 5 overlaps in H,O to form an angular structure 


Water has bent or angular structure rather than tetrahedral: Justify. 


Ans. The bond angle in H,0 is 104.5°. The deviation from the tetrahedral angle 


(109.5°) is explained on the 


d 
= 
ie 
n 
< 

repuls , . basis gy un 
Pulsion between the two lone Pairs of electrons with bond pairs. The lone Pairs are closer to the Aucleus ome 
oxygen. They repel bond pairs and the bond angle decreases from (109.5°) to (104.5°). So; the molecule 4 H ‘ 
water has bent or angularstructure. Ww CD we 4 
' (2) sp’-HYBRIDIZATION [o) Bonding and structure of Ethene (CH, = CH, ] cc Fad 4 \ 
; ‘ j 
p/ “In sp* hybridization, one s and two p-atomic orbitals (slightly differ in energy) intérmix to form three equivaley | glectronie configuration of carbon oF eS a { N 
t orbitals called sp* hybrid atomic orbitals.” sige badd Pe 20% H H iS 
; i 2 ‘ \C (ground state) = (FS 2P xs Pr. peat { 
' 1. Bonding and structure of boron tri-fluoride (BF,) Ted § ic configuration of carbon in excited state is. ' we 
Electronic configuration of Boron 11.1.1 mt’ & 
; The ground state electronic configuration of central atom boron is: «C (exciteed state) = Is, 28, 2p,, 2p, 2py L 8 
Ht ot oo bs ltd] i ‘4 
; 4 sB (ground state) = Is, 2s, 2px, 2py, 2pz ¢ é | | «C (hybridized state) = sp’, sp’, sp’, 2p, ~ : 
\j ¥ All the atomic orbitals have different shapes and energies. The excited state electronic configuratioa of Boron is: formation of ethene molecule < . x \y rs 
. © 
1 1 , In the formation of ethene molecule, each carbon atom ( & 
} 3B (exrited state) = Is, ad 2p) 2p, 2p: undergoes sp’ hybridization to form three hybrid orbitals Which are co- RY | 
Formation of hybrid orbitals A planar and are oriented at an angle of 120°. Each aiom is left with one at 
4 . ‘ 7 5 5 A half filled p-orbital diculars to the planar sp’ hybrid orbital, of \ 
: One s and two p-atomic orbitals of an atom intermix to form three hybrid orbital called sp?-hybrid orbitals. the pote doce ake pat rf Dh teldizaton, Esch catgriba p 
2 Car 
1 “ undergoes sp”-s overlaps with two hydrogen atoms and sp*- sp’ overlap 
7 sB (hybridzed state) = ay de sh, 2p: ‘ between themselves to form sigma bonds. 
: These hybrid orbitals have: i ; : n-bonidformation i 
(i) Same shapes = The partially filled p-orbitals undergo sideways overlap to form F 
i i 7 aa *'*-bond. So, a x—bond is formed by the sideways overlap of two | prey fen We, 
: wi) Same ees . . t balffilled co-p] P-orbitals in such a way that the probability of I 4 ‘i 
i “iii) Different orientations in space A finding the el is maximufhiperpendicular to the line joining the two —_ pr 
| (iv) More stable than ‘atomic orbitals ries Tesh Tade clear thate x ~ bond is formed between two a ¢ W 4 j 
Orientation of hybrid orbitals bey . nen ns only whenithey are already bonded with a sigma bond. a) y 
! 1 The hybrid orbitals have different orientations in space. Each sp?-hybrid orbital consists of two lobes one maj Molecular seometry : Formation of one sigma and one 
! and one minor. These are hybrid orbitals directed towards the three comers of a triangle. The to ge of 1HE-7.— bond are perpendicular to the plane in 4 Tscrid. Between two ‘carbon 
| 2 j i ~, ind ~ Ne & li nds: are Tying. Just likeo-bond, x—bondcan be atoms in CH. Ps 
. tig y a line? 
e. hr en (3) SP-HYBRIDIZATION : vals (slighty difer ta energy) dntérmis 0 form 
accied, “In sp hybridization,-one s and one p-atomic orbitals _ is) 
morn Pare =.) ‘WO equivalent orbitals‘éalled sp hybrid atomic orbitals 
Waren, ‘shape of one sp? orbital 


“*f 


‘\gtoms) are parallel to each other 
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(a) Bonding and structure of beryllium dichl 
Electronic configuration of beryllium 
The electronic configuration of central atom (Be) in ground state is 


e (Bec 


as 
«Be (ground state)= fs, 2s, 2px 2Py> 2Pr 


Excited state electronic configuration of Be js: 
111 
«Be (excited state) = Is, 2s, 2p,, 2py, 2p2 
«Be (hybridized state) = Af 3 
Formation of Be Cl, molecule 


The two sp hybrid orbitals lie in linear way. BeCl, is formed when two sp hybrid orbitals of Be atom overlap with 
the half-filled p-orbitals of chlorine atoms. The outermost halfefilled 3p, orbital of Ci hasilobe shape. ‘ 
ae a 


Hig oe 
Myerson 400° 
J\. _™ so nye eas 
a "of 
Molecular geometry 


Be atom lies at the center and two Cl atoms on either side so that the Cl-Be-Cl angle is 180°. 
100° 
> 4p 40's 
ct ages : 


(b) Bonding and structure 0° Ethyne (HC- CH) : 


Electronic con: of carbon 
The electronic Configuration of carbon in ground state is: 


“y 


tt 1 
oC (ground state) = Is, i ab 2py 2px 
The electronic configuration in excited state is: 
aaa ae i. 
aC (excited State) = Is, a 2Par 2Py> 2Pr | 


sh sh, thy 2h 


6C (hybridized state) = 
Unhybrid 


Formation of ethyne molecule F > 
Ethyne is formed as a result. of sp-hybridization of carbon atoms and ong 
subsequent formation of o and x bonds. Each carbon atom undergoes sp-s 


overlap with one hydrogen atom and sp-sp overlap with other carbon atom. 
Each carbon atomis left with two unhybridized p orbitals perpendicular to the 
plane of sp.hybrid orbitals. The two half-filled p-orbitals (on separate carbon 
in one plane while the other two p orbitals are 


Ol 
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el to each other in another plane. The' sideways x overlap between the p- . a 


oft 


an. 


‘Ans. (a) An equilateral triangle: 


was jn two planes results in the formation of two 7 bonds. 
molecular geometry 


wi Sond in the shape of a drum. 


Ethyne molecule contains one cand two x bonds between the tw 


HH atom through a bond. Actually, four electronic clouds of two w-bondy scat carbon atom is bonded 


f two x-bonds intermix and they surround the 
a | oP ® 

H——-C ==c—H F f 
; SUMMARY 


No. of 
No. of non-hybrid orbitals |” Molecular 
in case of carbon geometry s-character 
[se | 4 tetrahedral 28% 
[se] 3 triangular 33% 
[se | 2 linear 50% 


{b) The linear geometry of BeC!, suggests that central atom Be is sp-hybridized. What ization 

5 type of hybridi is 
observed when atoms attached to central atom are located at the corner of (a) an equilateral triangle (b) a 
regular tetrahedron and (c) triangular bipyramide? 


If central atom undergoes sp” hybridization then resultant three orbitals are arran; he 
equilateral triangle with an angle of 120°. ged at the comers of an 


Example: BCI; 
px 
C 
iN | 
aX p 
[/ ci Boy 
c-—— SF NBy 
Equilateral triangle ¥ 
(b) A regular tetrahedron: 


If one s and 3p orbitals intermix they give rise to four hybrid sp’ orbitals arranged at comers of regular tetrahedral 
with a bond angle of 109.5°. 


Example: CH, 
/ | dos 
- ffs 
{Zl 
‘H ‘ 
Regular tetrahedral 
(c) Triangular bipyramide: atom undergo hybridization, they give rise 10 form sp'd hybrid 


If one s, three p and one d orbitals of central 1 
orbitals located at the comers of triangular bipyramide. 
Example: PCI; 


In PCI, *P’ is sp’ hybridized. Four sp’ hybrid orbitals are afranged at the comer of tetrah 


; : edron. Three! sp? hyp; 
orbitals of “P* overlap with 3p, orbital of Cl to form three sigma bonds. : Tse'sPhybria 


7) 


SF: 


In SF, ‘S’ is dsp’ hybridized to give six hybrid orbital arranged octahedrally. Each hybrid orbital of “s* 
with 2p, orbital of F to form six sigma bonds. : 


Fj F 
‘ Fl F 
s 
F 
Octahedral seructure 


In SiCL. *Si’ undergoes sp’ hybridization to produce four sp’ hybrid orbitals arranged tetrahedrally. Each has 
linear overlap with 3p, of Cl to form SiC. 


overlap 


NH: 


In NH; ‘Nis 49° hybridize. Three sp’ hybrid orbitals have linear overlap with Is orbitals of three hydrogen 
atoms while one sp’ hybrid orbital with lone pair form coordinate covalent bond with H’, 


atch the molecular orbital pictures of ———— 


a6 n(ap,) and x°(2p,) Ww) 


g This theory was proposed by Hund and Mulliken in 1932. The molecul: 


molecule 


@ 
(i) 
iil) 


0,, 07, OF (il) He, Ne, 


fi : jar orbital approach considers the whole 
as a singlé unit. According to molecular orbital theory: 


The atomic orbitals of the combining atoms overlap to form new orbitals called 
characteristic of the whole molecule. 


The molecular orbital surrounds two or more nuclei of the bonded atoms, 
Two atomic orbitals, after overlapping, form two molecular orbitals which differ in energy 


One of them, having lower energy, is called bonding molecular orbital (B.M.O) while the other having higher energy 
is called anti-bonding molecular orbital (A.B.M.O). 


The bonding molecular orbital is symmetrical about the axis Joining the nuclei of the bonded atoms (molecular axis). 
is designated as sigma (c) bonding molecular orbital while the anti-bonding molecular orbital, is called 9° 


molecular orbitals (MOs) which are 


“n” atomic orbitals combines to form “n” molecular orbitals. 
The filling of electron into the molecular orbitals takes place according to the 
Aufbau principle 
Pauli’s exclusion principle 
Hund's rule 
Difference between Bonding Molecular Orbital (BMO Molecular Orbital (ABMO) 


k is formed by the addition overlapping | It is formed by the subtraction overlapping 


(constructive interference) of atomic orbitals (destructive interference) of atomic orbitals. 
The wave function (y) of an ABMO is given by 


The wave function (1) of a BMO is given by 
amo = a+ Yo ago SVAN 


i] 
tts formation takes place when the lobes of atomic | Its formation takes place when the lobes of atomic 
orbital have same sign. . orbital have different sign. 
The energy of BMO is lesser than that of parent | The energy in A.B.M.O is higher than that of parent 
‘atomic orbitals. asomic orbitals. 
The elettron density is high in the region between | The electron density is lower in the region between 
the nuclei of the bonded atom. the nuclei of the bonded atom. 


Every electron in BMO contributes toward the | Every electron in A.B.M.O. contributes toward the 
attractive forces, : epulsive forces 
£8 Sigma (c) and Pi(n) in BMO. e.g, Sig 


— 
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Formation of Bonding and Anti-Bonding Molecular Orbitals 
(i) s and s-orbitat overlap in H, molecule 
The two electrons (one from each hydrogen atom), fill the low 


08 


energy © Is orbital and have paired spin ({), while the high energy 0° Is FP eee 
ai temaine empty So far, we have considered s and s orbital | f]@ — es 
i ‘oF the formation of molecular orbitals of hydrogen molecule “8 a, 
(ii) p and p orbital overiap 4 
There are three 2p atomic orbitals directed along the three uo os 
Perpendicular x, y and z co-ordinates. For the formation of molecular Formation of bonding and ar 


tLbonding mo 
orbitals from p-orbitals, two cases arise. cronelefor nydropen motecue (H) 


(a) Head on approach 


Here, the two p-orbitals of the two atoms 
approaches along the same axis (i.e. Pp. axis). i 


This combination of the atomic orbitals bive rise too 
(2p,) bonding and 0°(2px) anti-bonding 
molecular orbitals. Both are symmetrical about the 
nuclear axis 
(b) Sideways approach 
When the axes of two p-orbitals (i.e. py and p, 
orbitals) are parallel to each other, they interact to form 
molecular orbitals 
* The bonding molecular orbitals n(2p,) or m(2p,) have zero 
electron density on the nuclear axis (called the nodal plane). 
The electron density is uniformly distributed above and 
below the nodal plane. 
¢ The antibonding molecular orbitals n* (2py) and x°(2pz) 
have the least electron density in the x Inter-nuclear region, 


Head on overiap of two p-orbitals 


Since the 2p, and 2p, atomic orbitals are degenerate (having 


same energy), the n-molecular orbitals ie. m(2p,) and 


n(2 are also degenerate, So, are also the n*(2p, )and 
P,) y 


Sideways overtap of two porbitale 


n* (2p, )molecular orbitals, 

Overall six molecular orbitals (three bonding and three anti-bonding) are formed from two sets of 2p atomic 
orbitals. The bond formed as a result of linear overlap is o bond, while that formed as a result of sideways overlap ‘s 
called a m bond. As there are three bonding molecular orbitals, the p-orbitals overlap can lead to the formation of at'the 
most three bonds: one sigma and two n-bonds, m4 


Relative energies of the molecular orbitals 


The relative energies of the molecular orbitals formed from 2s and 2p atomic orbitals in the case of homonuclear 
di-atomic molecules as shown in figure. The energies of the molecular orbitals are determined by spectroscop® 
measurements, j 
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es 


o2p, 


2p,2p,2p, 
AO. 


\\ 222.) 27.7 \ sen Jf 


2p) BMO *Qp,) #20) BM. 

(2s) ABMO : 
2s . 
AO ao 2 (2s) BMO 

o (2s) B.M.O. i (>) Be, BLN 

(a) O,P, H 

(2) Molecular orbital energy diagram for O,, F,and their © (b) Molecular orbital energy diagram for Li,, Be,and N, 
‘and negstive ions 


The molecular orbitals of diatomic molecules such as O,, F; and their positive and negative ions can be arranged in 
the following increasing order of energy. 

0(18)< 0*(18)<o(2s)<0*(2s)< o(2p,)<x(2p,) = x(2p,)<n*(2p,) = x*(2p,)<0*(2p,) 
+ Thediamatic molecules such as N; and other lighter molecules like B,, C; show slightly different energy order 
(18) <0*1s<0(28)<a*(28)< n{2p,) = n(2p,)< 0 (2p,)<R*(2p,) = x*(2p,)<o*(2p,) 


Reason 

Ithas been observed that in case of B,, C; and N;, o2p, is higher in energy than x2p, = x2p, MOs. This reversal is 
due to mixing of 2s and 2p, atomic orbitals. 

Actually the energy difference of 2s and 2p atomic orbital is small. There is a possibility of mixing of these 
orbitals (i.e. hybridization of A.O.) as a result of which o2s and 0°2s MOs do not retain pure s-character. Similarly 2p, 
and o* 2p, MOs do not have pure p-character. All the four MOs acquire sp-character. Due to this mixing, their energies 
change in such a way that MOs 02s and o*2s becomes more stable and are lowered in energy. MOs as o2p, and o* 2p, 
become less stable and are raised in energy. Since, xp-orbitals are not involved in mixing, so energy of np, = 2p, 
femains unchanged. o2p, is raised to such an extent that it becomes higher in energy than x-bondings. 

Anyhow, O; and F; do not do so. The reason is high energy difference of their 2s and 2p i.e. 1595 and 2078 
tUmol'" for O, and F;, respectively. These values are 554 kJmol'' for boron, 846 kImol”' for carbon and 1195 kimol for 
nitrogen. These energy differences have been calculated by spectroscopic techniques 
bond order 

“The number of bonds formed between two atoms after the atomic orbitals overlap, is called the bond order. 

. or 
“Half of the difference between the number of bonding electrons and anti-bonding electrons is called the bond 


4 in B.M.O- number of electrons in A.B.M.O 
Bond . Number of electrons in : 
ple: The number of bonds formed between H-atoms in Hydrogen molecule may be calculated as follows: 
Number of electron in bonding molecular orbital 
Number of electron in anti-bonding molecular orbital 


=2 
=0 


—" 


—— 


Bond onder 


It ts common practice that only MOsformed from valance orbitals are considered in bond onder calculations, 


Molecular Orbital structures of Some Diatomic Molecules: 
(i) Helium, He, a ited 


and the remaining two go to anti-bonding o*(1s) molecular orbital. 


o(is) BMO. 


Hypothetical orbital picture 
of He, molecule 


Bond order 


The bond order of He; is zero. i.e. om) = $ = 0 and thus He, molecule is not formed. 


(ii) Nitrogen, N, 
Molecular orbital picture 
The molecular orbital structure of N; molecules is shown 
Energetics order of MOs 
Electronic configuration of N; molecule is 
O(1s*) < a*(18") < o(28) <o*(287) < x2p’,) =x (2p') < 
O(2p’,) <*(2p,) = n*(2p,) <9*(2p,) 


2p.) 
\ p—/ 
Bond order : MA 


® 
._. * From the electronic configuration of Nz, it is mzp,) 
clear that six electrons enter into three outermost 
bonding orbitals while no electron enters into anti- 
bonding orbitals. Thus the bond order in Nz molecule is 
= -§ = 3, which corresponds to the triple bond 
consisting of one sigma and two x bonds. 


Bond energy KI 
The bond dissociation energy of N is very high 
4 ’ ie. 941 kImol" st 


“2 


6 (2s) BMO. 


Molecular orbital picture of N, molecule 


Diamagnetic property - 
Sinte no unpaired electron is present in MOs so N; molecule shows diamagnetic behaviour, 
(lil) Oxygen, O, 
Molecular orbital picture 
The molecular orbital structure of O, molecules is shown 
Energetics order of MOs 
Electronic configuration of O; molecule is 


The electronic configuration of He is 1s": The 1s orbitals of He-atoms combine to form one bonding o( 
‘one-anti-bonding o* (1s). Each He-atom contributes two electrons. Two electrons ériter bonding molecular orbital get 
1s) 
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apts) < 0(28?) < 0*(28") < 0(2p,’) < n(2p,") 
Poe ote) <n*(2py') =n" apie o*2p,. 


order 6-2 
wt re bond order of Oa is 7" 2, which 


ones 


pond bosst consistent with large bond energy of 496 
lecule. 
joo! perier molecular fons of oxygen 
ation en two more electrons are given to O,, ‘it 
or. The paramagnetism vanishes. Similarly 
the unpaired electrons are removed and 
ic property is no more there. Bond order OF 


ni0% are also different from O2 and are one and three, 


to a double bond. 


a OF 


ively, 
Similarly M.O.T. justifies that F, 


Q__0,|s a paramagnetic substance. Justify in the light of molecular orbital theory. 


Ws. The filling of molecular orbitals leaves two unpaired electrons in each of the n*(2p,) and n*(2p,) orbitals. Thus 
the electronic configuration of the molecular orbital accounts admirably for the paramagnetic properties of 
oxygen. This is one of the greatest successes of the molecular orbital theory. Liquid 0, is attracted towards the 


— : 


magnet. 4 


: 
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Hol; AH = -436kJmol" 
+ 2 : ‘ 
36 kd of heat 1s required to break the Avogadro’s number of H; molecules into individual atoms 
‘ “ per H: molecule . 
@ Carel ond energy per bond is 72.42x10™ kl. This is obtained by dividing 436 by 6.0210” 
enersy Hom 
ap0end bonding electron pair is equally shared between the two H-atoms. We can assume that each bonded H- 


A in haf ofthe bond energ® ie. 36.21%10W. 
Q14. _(a) Define bond energy. Explain various parameters which determine its strength. - mec) te bf 
Bond Energy (Bond Enthalpy) : Hieaenerdy of 1 mole of Ch 
“The average amount of energy required to break all bonds of a particular type in.one mole of the sul 5 Q The CHCl bond energy is 240kimol”* 
called the bond evegy.” mace clecl oC AH =-240kI mot" 
boed ia broken to ieeaeultean i beg ls Laney stramtrin seth ineered tee tate irensens 240 i of hat is cequired to break the Avogadro's number of Cl, molecutes into individual toms, 
reaction. It is also called bond enthalpy, as it is a measure of enthalpy change at 298K. i iyaond enerBy Per molecule of Cs , . 
Enthalpy of atomization ‘Thus, bond energy per bond is 39.86x10 kj this is obtained by dividing 240by 6.0210" 
“The enthalpy change in splitting a molecule into its component atoms is called enthalpy of atomization.” y) Bond energy per Clatom 
Units: The bond energy is given in kJmol™ which-is the energy required to break an Avogadro's number (6.02%10%)q a ‘Therefore, each Cl-atom should contribute 19.9310" kjto any bond, where sharing of an clectron pair is equal 
bonds. It is also released when an Avogadro’s:number of bonds are formed. Table. Comparison of experimental and theoretical bond energies 
Factors affecting bond energy : 
Bond energy is a measure of the strength of a bond. The strength of a bond depends upon the following factors 
(i) Electronegativity difference of bonded atoms . 
Greater the electronegativity difference of bonded atom, more will be the polarity of bond and higher will be its 
bond energy. 
(li) Sizes of the atoms 
Bond energy decreases with increase in the atomic radii 3. Bond energy of HCI Molecule 5 
Let us, now consider the bond in HCI. This bond is polar, but we consider the electron pair to be equally shared. 
(1) Bond energy of 1 molecule of HC! 
we expect the bond energy of H-Ci to be 


On adding‘up the’ bond energy contributions of H-atom and Cl-atom, 
$6.14x10 kJ per molecule which is the sum of 36.21«10™ kJ and.19.93 x 10” kJ. 
(il) Bond energy of 1 mole of HC! 

For Avogadro's number of HCI molecules, the calcu 
multiplying $6.14 x10 with 6.02% 10> . : 

* The experimentally found bond energy for HCI is 431 kJ mol". 
Condusion 


lated bond energy is 337.96kJ mole” which is obtained by 


(ili) Bond length 
The bonds with higher bond energy values have shorter bond lengths. The bond energies of C to C bonds being 


the order C # C>C =C>C-C. Their bond lengths are in the reverse order i.e. C-C>C=C>CaC. 


{iv) Bond polarity = 
Generally, a polar covalent bond is stronger than a non-polar covalent bond. The ol ed ee r d that means a more stable H-Cl 
bserved bond energy is significantly greater than the calculated value an 
tonic Character and Bond Energy wf ‘md. This stability is due torthe ionic character present in the molecule. The decreasing polarity from HF to HI shows @ 
2Cly Br, 1. In H-X, electrons a easing electronegativity from F to i 


trend toward equal sharing of electrons which is.consistent with dec 
tond/length ; 

“The distance between the nuclei of two atoms forming a cova 
Determination of bond length 
Pe i lengths are experimental 

n, X-rays diffraction or spectral studies. 
Hs Savalent bond length between two atoms is often but not always independent oA the roe 
found vo pn Ot of the aliphatic hydrocarbons, the C-C bond ength is very close to 154 pm 

it same in diamond. sescait 
ship between covalent radius and bond length 
The covalent radii for different elements are almost additive in nature. 


Let us look at the bond energies of H-X type of compounds, where X*F, 
equally shared between the bonded atoms. As halogen atom is more electronegative, the bonded pair is more 
towards X atom and thereby polarity develops. This gives rise to additional attractive force for binding. ab 

From the difference between experimental bond energies and those calculated by assuming equal sharing, # 
possible to estimate relative electronegativities. The comparison of these values shows that the discrepancy is 
for HF and the least for HI. 

Calculation of bond energy of HX molecule 

Let us calculate, the increase in the strength of H-Cl bond, due to the ionic character present invit. 

1. H, Molecule 


(i) Bond energy of 1 mole of H, 
The H-H bond energy is 436 kJmol! 


Jent bond is called the bond length.” 


lly determined by physical techniques. The t 


rechniques may be electron 


re of the molecules. For 
C-C bond length is also 


aif 


= 


A 
4 
4 
} 
‘ 
i 
é 
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Examples 


. The single bond radius of carbon is 77 Pm which is half of the C-C bond length (154 pm). 
Similarly, the covalent radius Of Cl is 99 pm i.e. one half of the-Cl-Cl bond length (198 pm). 
* _So the bond length of C-C! bond will be 77 +99 = 176 pm. 
Factors Affecting Bond Length 
(i) tonic character of a covalent bond 
With an increase in electronegativity difference between the bonded atoms, the bond rtened 
ban ity atoms, the becomes sho; 
Si-F bond length in SiF, is found to be 154-159 pm, whereas the addition of their covalent radii (Sj = 
F = 64 pm) give Si-F bond length to be equal to 181 pm. The calculated values are almost civays hg mt 
Py 


electronegativity differences. The ionic character results in shortening of the bond | d 
between the polar ends. soe aah See fo fee * 


(ii) Mode of hybridization 
_ Moreover, hybridization scheme involved, also explains the shortening of bonds due to the 
Participation of s-orbitals. Since the 2s-orbital of carbon has smaller mean radius than the 2p-orbitals, 
a that greater the s character in the hybrid orbitals used, the shorter will be the bond distance. 
imple 
Thus, the C-C bond lengths are 154,133 and 120 pm for ethane, ethene and ethyne, respectively where s orbit 
contribution increases from sp’ to sp. Further, x — bonding also reduces the internuclear bond distance. 
(iii) Atomic radii 
The bond length increase, as we move from top to bottom in a‘group of periodic table. 
Examples S 
* In group IV-A of the periodic table, Si-Si bond length is more than C-C bond length. 
© —P-P bond length is much mort than N-N bond length ip group V-A. 
As the atomic radii increase in a group (N to P or C to Si), the effect of the effective nuclear charge decreases on 
electrons. As a result the bond length will increase. , 
In the periodic table, shortening of bond lengths occurs from left to right in, a period. This can be attributed to the 
pull by nuclear charge with the same value of principal quantum number. Therefore, C-C bond length is Qreater than N-N 
bond length. 


Predominany 
it Would by 


Table: Some selected bond lengths along with and hybridization of central atom 


Fae | Sp Pa PT | 
Mares 


SD A a 


(CH;); C=O 
Acetone 
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lai we malteecis. ee Mp between Debye and mC. How does it help 


go find Out 


gs of electric charge (q) and the distance between the positi 

“The Pes (1) is called dipole moment.” pets tee 
neg w= Qxt : 

[tis a vector quantity because it has a magnitude as well as direction. 

The dipole moments of sifnple heteronuclear diatomic molecules like 

. HCl, HBr, HI, CO, NO, etc. are directed from electropositive ends to 


F : Dipole moment and its 
electronegative ends. vector representation 

gl Moment is shown with an arrow head having crossed tail. 
Dipole moments of some 


A unit of dipole moment is Debye (D). 
he the units of dipole moment are mC. 


Wy jnship between Debye (0) and mc 
ID = 3.336x10mc 


Substances in Deybe 


_ Letus consider-a hypothetical molecule (A* - B°) or a unit negative charge 
from a unit-positive charge by distance r = 100 pm (1A), The dipole 
soment of such a molecule can be calculated by multiplying the distance 100 pm to 
cuarge of one electron or proton i.e. 1.6022 x 10-"C. 
= (1.6022 x 107°C) x (100 x 10°%m) 
= 1.6022 x 10°mC, 
Since ID = 3.336x10°mC 
= 1.6022x10 mc 
3.336x10- mC 
w= 48D 
Dipole moments for polyatomic molecules 
the moléeute:is'poty-atottiic“and corti two’ of mote dipoles, ‘then the tet'dipole * 
‘moment is the resultant of the vector addition of the individual bond moments: 


bamples* ; 3 


bet oH im 
7 eee A molecle Nevng, 160 
(a) (o) dipole moment is non polar 
Vector addition of bond moments in (a) linear CO, ” Bond polarity « dipole 
Ap molecule and (b) angular HO,molecular moment. 
mtations of dipole moment 
| ‘© moment Provides us two types of information about the molecule structure 
2 setae Tonic character of a bond, 
Lee Petween the bonds or the geometry of molecules. ; 
¢ lonic character haracter in a bond can be calculated 


Fr yg’ 7™ the experimentally determined dipole moments, 


Hoy Purpose, we should know the actual dipole moment Hote 0 
Snic Compound is represented a5 Lio: 


the percentage ionic c! 
f the molecule and actual bon: 


d length. The dipole of 


-— 
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“eage of ionic character = H2*- x 100 
Howie 


Example (1): 
The observed dipole moment of HF is 1.90D. Find the percentage ionic character in H ~ F bond, 
between the charges is 0.917 x 10°? m. (Unit positive charge = 1.6022 x 10°C) 
Ans. Given Data: , 
Observed dipole moment = Hoos = 1.90D 
Distance between charges = r = 0.917 x 10°'°m 
Unit positive charge = q = 1.6022 x 10°C , 
Required: 
Percentage ionic character in H — F bond = ? 
Solution: 


The distng 


Let us suppose that HF molecule is 100% ionic. It means that H has full positive charge and F has full neg 
charge. To calculate ionic dipole moment, multiply the bond length with full charge of electron or Proton sn 
Me. 


1.6022 107°C. This dipole moment is called p,..,.- 

So, Hionic ~ 9 * 6 : 
= (1.6022 x 10°C) (0.917 x 10m) 
= 1.469 x 10° mC 


Since | Molecule | % lank charc] 


1D = 3.336 x 10°*mC 


So, y,,, = Ax 1eae | wer [nix | 
The actual dipole moment is given as it is observed. | mf aw | 
Hoteerved =1.90D 
P iict = Observeddipolemoment | 99 
een : Tonicdipole moment ’ 
_1.90Dx100 ; 
"44D $ 
= 43.2% 


Hence, 43% of HF bond is ionic in nature and 57% covalent. The bond is predominantly covalent. 
2. Bond angles or the geometry of molecules 
(a) The dipole moment of water is 1.85D which ruled out its linear structure. The calculations t 
show that water (H,O) has an angular structure with a bond angle 104.5° between the two O—H 
bonds. A linear HyO molecule (H—O—H) would have zero dipole moment. 
Similarly, triatomic molecules H;S or SO, etc. are also bent like HO. 


t : H” 
an x y= 1850 
\ A 
a as % ts. 
»=095D 4=1610 
(b) CO has a dipole moment while CO; does not have any. 
Reason hohe 


The réason is that CO; has a linear structure, where the dipoles being equal and opposite, cancel out ¢8° 
effect. Similarly CS; has zero dipole moment. 
stots 


n=O u=0 


cto ostcH0 
»=0.12D 


spon 
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jcal triangular planer molecules of BF;, AICI, and perfectly tetral 
@ - zero dipole moments, This is all due to the cancellation of individual 


F H” 


hedral molecules like CH, SiHy, 


bond moments, cc also 


— is a polar molecule which has }: = 1.02 D and thus P-F bond is 


PF, Polar. Si'is in the proximi riodic 
a6. table. It Is expected that molecule is polar but SiF, has no dipole moment. Explain it. metres ; 

wfamolecule has = 0 then its structure is regular and symmetrical otherwise some value of jis ob: 
Lae pF,: It is 2 type of AB, with three bond pairs and one lone pair. Its structure will 7 
become trigonal pyramidal due to greater Lone pair - bond pair repulsions as compare 
to bond pair- bond pair repulsion. So a net effect of each polar bond is observed in the 
form of dipole moment = 1.02 D. 


rved 


SiF,;: It is an AB, molecule with all four bond pairs showing equal repulsions. So regular 
tetrahedral shape is observed with 4. = 0 and bond angle 109.5° although individual 
bond (Si-F) is polar. 


HE EFFECT OF BONDING ON THE PROPERTIES OF COMPOUNDS 


The properties of substances are characterized by the types of bonding present in them. Here, we shall consider 
the effects of the type of bond on physical and chemical properties of compounds. 7 
1.Solubility 
(i) Solubility of lonic Compounds : 

Mostly, ionic compounds are soluble in water but insoluble in non-aqueous solvents. When a crystal of an ionic 
substance is placed in water, the polar water molecules detach the cations and anions from the crystal lattice by their 
tlectrostatic attraction. Fhus, the ions are freed from the crystal lattice by hydration. This happens when the hydration 
‘nergy is greater than the lattice energy and the ions are freed from their pasitions in the crystal. Many ionic 
mes do not dissolve in water, as the attraction of water molecules cannot overcome the attraction between the ions. 
or the same reason, non-polar solvents like benzene and hexane do not dissolve ionic compounds. 

())Solubtity of Covalent Compounds : 
In general, covalent compounds dissolve easily in non-polar organic solvents 


4 ether, etc.) Here, the attractive forces of solvent molecules are enough for peer 7 cn 
etoming the intermolecular forces of attraction. Mostly, covalent compounds are | compounds do not. sty 


soluble 


2 in water. However, some of them dissolve in water due to hydrogen bonding. 


ism ’ 
W)Non- direction, 

rectional nature of lonic bonds 

Sos aT 1 ions, Therefore, such bonds 

ionic compounds involve electrostatic lines of forces between oppositely charged ions. There 
wile and non-directional. Because of this, ionic compounds do not exhibit the phenomenon of isomerism. 

nal nature of covalent bonds , 
any Covalent compounds are rigid and directional. This leads to 

le, the Compounds, C,H,O, shows structural isomerism. 


the possibility of a variety of isomerism For 


_ 


Dimethy! ether Ethanol 


(a) Speed of reactions of ionic compounds 
The ionic compounds exist in the form of ions in an aqueous solution. The chemical reaction between ions 


i] 

1 

/ 

‘4 

t 
{ 3. Reaction Kinetics 
I rapidly. For example, addition of silver nitrate solution to sodium chloride solution produces a white Precipitate of ‘ 
si 


chloride instantaneously. The reaction is rapid because on mixihg th i 

f . ig the solutions, no bonds have to be br . 
bond is formed. The onic compounds have already been broken while forming their aqueous solutions, woken, only te 
(b) Speed of reaction of covalent compounds : 

Since, there is no strong electrical force to speed up a chemical reaction (like in ionic reaction), the 
bonds are generally much slower to react as they involve bond breaking and making of bonds. Tite molecules un 
chemical change as a whole. Covalent bonds react in a variety of ways and their reactivity depends upon the : 
reaction proceed and the kind of a,reaction. — 5 pis: 


(ii) 


L., Atoms combine together due to their inherent tendency to attain the nearest noble gas electronic configuration, 
and the formation of a chemical bond always results in a decrease of energy. 
2. A size of an atom is expressed in terms of atomic radius, ionic radius and covalent radius and van der Waals 
ius. 


3. It is necessary to understand thermodynamic properties of elements. The minimum amount of energy required » 
-4 remove an electron from an atom in gaseous state is called ionization energy. It depends upon the atomic size, 
nuclear charge ‘arid shielding effect of electrons. The électron affinity of an atom is the energy given out when m 
electron is added to a gaseous atom. The tendéncy of an atom to attract a shared pair of electrons to itself is called 
electronegativity. Fluorine, is the most electronegative atom and it has arbitrarily been given a value of 4.0. 

4. The ionic bonds are formed by transfer of electron from one atom to another. Covalent bonds are formed by 
mutual sharing of electrons between combining atoms. After the formation of a coordinate covalent bond, there's 
no distinction between a covalent bond and a coordinate covalent bond. 

5. A polar covalent bond is formed when atoms having. different electronegativity values mutually share ther 

os electrons. Due to polarity, bonds become shorter and stronger and dipole moment may develop. 
- 6. According to valence bond theory, the atomic orbitals overlap to form bonds but the individual character of te 
atomic orbitals are retained, The greater the overlap, the stronger will be the bond formed. 


() 


W) 


\) 


7. The VSEPR.theory gives inforthation about the general shapes and bond angles of molecules. It is ape 
ulsion between bonding and lone pairs of electrons, which tend to remain at maximum distance apart #0 
ieasioa bitwecn cham | . ronend | DOlVed Exercise MCQ 


way to explain. various 


sols 
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, 


determining the % age ionic character of a covalent bond and the sha 


direction. : 
perties OF substances are characterized by the type of bonds Present in th 
Proj em. 


SOLVED OBJECTIVE EXERCIS 


select the correct statement: 

Anionic cOmpO! “B= is.most likely to be formed when: 

{a) the ionization energy of Ais high and electron affinity of B is low 
Pihization energy of Ais low and electron affinity of B is high. 

oth ionization energy of A and-electron affinity of B are high. 

() both ionization energy of A and electron affinity of B are low. 

The number of bonds in nitrogen molecule is: 

(a) “one cand one x (b—-oneo and two ® 

(9 three sigma only (4) twooandone x 

which of the following statement is not correct regarding bonding molecular orbitals? 

(a) Bonding molecular orbitals possess less energy than atomic orbital from 


which they are formed. 
(b nding molecular orbitals have low electron density between the two 


nuclei. 

(c) Every electron in the bonding molecular orbitals contributes to the 
attraction between atoms. 

(d) Bonding molecular orbitals are formed when electron waves undergo 
constructive interference. 

Which of the following molecules has zero dipole moment? 

(a) NH, (b) CHCI, 

(ce) H,0 

Which of the hydrogen halides has the highest percentage of ionic character: 


) Terl ne | (b) HBr é 
HF (d) HI 


Which of the following species has unpaired electrons in anti-bonding molecular orbitals: 
&) OF wu 


(0) fF 


interaction between them is minimum. The concept provides an alternate . 
. Na 
Reason 


shapes of molecules. : 

8. The geometrical shapes and bond angles are better explained by fers 
atomic orbitals are mixed to form hybrid orbitals. 7 ? +. otitis 

atomic orbitals overlap to form’ molecular orbitals. n atomic orbit 


different hybridization schemes, where d 


9. According to molecular orbital theory, Ne 
combine to form i molecular orbitals. Half of them are bonding molecular orbitals and half antibonding mo bold 
orbitals. In this entirely new orbjtal that belongs to the whole molecule. The theory successfully explains 

order and paramagnetic property of O,. * Py 

10.. The bond energy in defined as the average amount of energy required to break all bonds of a particular OF we 


mole of the substance. It is a measure of the strength of the bond. Stronger the dipole of a bond, grater 


bond energy. : it is 
VW. The distance between the nuclei of two atoms forming a covalentibond is called bond, length, In genertl, a 

sum of the covalent radii of the combined atoms. the 
12. The dipole moment may be defined as the product of electric charge (q) and the distance () between rok, 
oppositely charged centres. It is a vector quantity as it has magnitude and direction, It plays 4 major 


|(b) The ionization energy of A. | A metal due to | 
islow and electron affinityof | the other hand a non metal due to high 


Bis high. 
ton, 


bonds are Pi. 


(b) Bonding molecular orbitals | This is incorrect state 
have low electron density | electron density betwe 
between the two nuclei. 


en the two nuclei. 


pes of molecules. It has magnitude and 


low ionization energy loses electron and form positive on On 
electron affinity gains electron and 


forms negative ions. lonic bond is formed between positive ion and hegative 


A triple bond is present in N; molecille in which one bond is sigma while two 


ment. Actually bonding molecular 01 


lone In N;? two unpaired electrons are present in anti bonding molecular orbitals 


Q2 Fill in the blanks: 


{i) The tendency of atoms to attain maximum of electrons in the valence shell is called completi 
octet Pe 
(ii) The geometrical shape of SiCI, and PCI, can be explained onthe basisof______and__ hybridizations 


(i) The VSEPR theory stands for . 
(iv) For N, molecule, the energy of o2p, orbital is than x2p, orbital. 


(v) The paramagnetic property of O, 1s well explained on the basis of MOT in terms of the presence of 
electrons in two anti-bonding molecular orbitals. 


(vi) The values of dipole moment of CS, is and forSO,is___siD. 
(vii) The bond order of N, is while that of Ne, is 
ANSWERS 


[tipeight Ti sphsp@ 
(iii) valence shell electron pair (iv) higher 
repulsion theory 
(v) unpaired 


(vi) zero, 1.61 D 


Q3. Tick true and false: F 
(i) The core of an atom is the atom minus its valence shell. 
(ii) The molecules of nitrogen (N@N) and acetyléne HCmCH are not isoelectronic. 
(iii) There are four coordinate covalent bonds in NH, ion. : 
(iv) A-bond is stronger than a n-bond and electrons of o-bond are more diffused than n-bond. 
(v) The bond energy of heteroatomic diatomic molecules increases with the decrease in 
electronegativities of the bonded atoms. é . 
(vi) With increase in bond order, bond length decreases and bond strength increases. ; 
(vii) The first ionization energy of the element rise steadily with the increasing atomic number from top to bottom in 
@ group. : 
(vill) Adouble bond is stronger than a single bond and a triple bond is weaker than double bond. - 
(ix) The bonds formed between elements having the electronegativity difference more than 1.7 are said to be 
covalent in nature 
(x) The repulsive force between the two bonding pairs is less than that between the two lone pairs. 
(xi) The number of covalent bonds an atom can form is related to the number of unpaired electrons it has. 
(xii) The rules which govern the filling of electrons into the atomic orbitals also govern the filling of electrons 
molecular orbitals. 
ANSWERS 


into 


(ii) False 


vil) False 
xi) True 


xii) True 


— Se 


, 


A got 
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PHORT ANSWERS TO EXERCIs| 


ais 


nd distance is a compromise distance between two atoms. 
a 


when two atoms come close to make a bond, the attractive and re; 
attractive forces are responsibie for decrease in potential energy of syst. 
while repulsive force increase the potential energy of system and stabi 
when magnitude of attractive forces become maximum and pote 
maximum stability. At this distance a bond is formed between ato 
distance or bond length. 

At distance smaller than compromise distance, repulsive forces dominate and potential energy of system 
rapidly. For example, bond distance of H-H = 75.4 pm 


Bulsive forces operate simultaneously 
em, consequently increasing its stability 
ility decreases. Eventually a state comes 
tial energy Minimum So system get 
MS SO 't \S a Compromise distance, bon- 


The distinction between a coordinate covalent bond and a covalent bond vanishes after bond formation n 
wi, Mj and CHAN; 


= Structures of these molecules can be written as 


+ r H 
In NH a? covalent and coordinate covalent bonds are-formed between N-H. Each | 


bond has two electrons. Each bond length is equal, as all bonds are single bonds ni 
although their formation is different. Each bond has 75% covalent and 25% H | 7 
coordinate covalent character. " 
In H,0", although one coordinate and two covalent bonds are observed between " 
O-H yet their bond lengths are equal. Each bond is single bond between O-H and yi 
has 66% covalent and 33% coordinate character. nH 4 
cu 
+ ( 
In CHNH,: Two covalent bonds and one cooruinate bond is present between N-H N 
" | 4 
while one covalent bond is between CHy-NH. AILN-H bonds are simmi'ar wit! same 4 


bond length and 66% covalent while 33% coordinate character 

Conclusion: 

itis concluded that after formation, a coordinate covalent bond also behaves in the same manner as a covalent 
bond so distinction between them vanishes away. 


{i)_The bond angles of H.0 and NH, are not 109.5° like that of CH, although O- and N- are sp" hybridized. 
According to VSEPR theory, the shape of a molecule is decided on the basis of repulsions between of lone pairs 
and bond pairs around the central atom. Although N and O are sp’ hybridized yet they differ in bonding for C 
Compounds with sp hybridization according to VSEPR theory. 

The description of these molecules is as follows: 


“} 104 


storied due | Here duc to two lone 
ted due | Here due to 
lar due to | Structure 1s distor a ne 
oi ed cae to lone pai as Lone pair | pairs, Lone pai-Lone pa 


274 


Bond pair repulsion effects | has a Breater effect 
more than Bond pair-Bond | angle is further reducey 
Pair repulsions so bond | to 104°. 

angle is reduced, 


; = 
(v) The abnormality of bond length and bond strength is less in Hi and Prominent in HCI. 


HI molecule HC! Molecule 
Bond Energy (calc.) 291k) mol 336 KJ mol” 
Bond Energy (obs.) 299 kJ mol” 432 kJ mo!” 
Oifference 8k mol” 96 ki mol” 


: 


The abnormality in bond strength, as shown by above data, is more Prominent in HCI than in HI. Reason 

the more difference of electronegativity of H & Cl results in greater ionic character of HCI than expected, 

As bond energy is inversely related to bond, length, the calculated bond length of HCI is greater than obse 

7 bond length. Again the reason is, greater difference of electronegativity makes the bond of HCI strotgerns 
shorter than that of Hi. ° : ’ 


(vi) Sodium chloride does not conduct electricity, but when electric current Is passed through molten Naci Or its 


1S that 


} aqueous solutian, electrolysis takes place. fo 
i Electrical conductance through different substance is due to 
(a) mobile electrons (electronic or metallic conduction) 
i (b) free ions (electrolytic conduction) 
{ In solid NaCl, oppositely charged ions are present at fixed positions due to strong electrostatic forces of 
4 attraction. Hence no free ion or mobile electron is available for electrical conductance. As a result solid NaClis 
\ insulator. 
q On the other hand, in molten or aqueous solution state, Na” and CI” ions scattered and set free. As a result 
electrical conductance is possible (due to free ions). 
\ (vil) The melting points, boiling points, heats of vaporization and heats of sublimation of electrovalent compounds 
i are higher as compared with those of covalent compounds. : 
( \ Ans. Electrovalent or ionic compounds have strong electrostatic forces of attraction between oppositely charged 
j ions. On the other hand, covalent compounds generally exist in discrete molecule. Intermolecular forces in these 
] molecules are much weaker than electrovalent compounds. ; 
Thermodynamic parameters, like melting point, boiling point, heats of vaporization, heats of sublimation ete, art 
' directly proportional to intermolecular forces present in-compounds, Therefore jonic.compounds have-hight 
thermodynamic parameters than that of covalent compounds . 
For example: 
Melting point of NaC! (ionic) = 801°C 


=0°C 


INUMERICALS OF EXERCIS 


Calculate the bond energy of H-Br. The bond energy of H-H Is 436 KJ mol” and that of Br-Bris 193. K/ mol. 


Melting point of H,0 (covalent) 


Qa. 
Ans. 


(c) 


Give Data: 
Bond energy of H-H 
Bond energy of Br-Br 


= 436 KJ mol” 
=193 kJ mol” 


~apeMisTRY ~XI (Subjective) 
fee 


nergy of H-Br = 2 
gond ¢ : (I) ist Method: 


to cal ylate the bond energy of H-Br firstly calculate half the bond energies of H-H and Br-Br. Then they are 


adsed P- 4a 
paif of the bond energy of H-H = a 
ue Bond energy for one mole of H) 
ie 


193 
Half of the bond energy of 8r-Br= a 


= 218 i mol 


Bond energy for one molof Br) = 96.5 kJ mol” 
= Bond energy for H + bond energy for Br 
= 218 + 96.5 = 314.5 mol” 


= Bond energy of HBr = 314.5 kJ mol! 
a ‘gnd Method: 
—Fistly Bond energy per molecule of H, and Br, is calculated by dividing with 6.02 x 10° Then per atom Bond 


energy is calculated. After wards Bond energy of H and Br are added up, multiplied with 6.02 x 10” to get Bond 
energy of HBr in kJ mol”. 


ies 
aa energy of H-Br 


_ 436 
* 6.0210 
27.2410 Wd 
193 
6.0210 
= 3.2010" é 
7.24x10 
Bond energy per atom of H = a 
-2 


= 3.62 x10") 


3.2x107 | { 
Bond.energy per atom of Br —— ¥ 


21.6 x10" Wd 


Bond energy for one molecule of H, 


Bond energy for one molecule of Br, 


Bond energy per molecule of HBr 
= Bond energy of H atom + Bond energy. of Br-atom 
= 3.62 x10 +1.6x 107 ; { 
=5.22x10 7 
Bond energy. per mole of HBr s , 
= Bond energy of one molecule HBr x 6.02 «10 N 
= 5.22.10" x 6.02 x 10% 
+ 3-314,42 k.mol™ z 
eS Bond energyforHBr = 314.42kImol" 


moment . Find the percentage lonic 
{%5, (b) The bond length of H-Br Is 1.4 x 10 m. Its observed dipole eee | 


e 3°, 
character of the bond. Unit positive charge = 1.6022 x 10" Cand 1D = 33360 


Ans, Glvedata; : 
Bondlength = 1.410% m | 
How =0.79D 
q = 1.6022 x 10°C \ 4 


: Chapter 6 (Chemica) ; 


Hronic =? 
% ionic character =? 
Solution: 

Home =qxr 


= 1.6022 x 10°? x 1.4 x 10° 

$ = 2.243 x 10°? Cm 

1 Debye= 3.336 x 10° Cm 

= 2.243x10°%Cm 

3.336x10™°Cm , 

=6.72D 

Hionic =6.72D 

Hobs =0.79D 


% ionic character = 285100 


So 


= 11.75% 
% lonic character of HBr = 11.75%. 


Additional Questions 


a Differentiate between covalent and coordinate covalent bond. 
gg 88 SSE 


Coordinate Covalent Bond 
{i) A coordinate covalent bond is formed between two 
atoms when the shared pair of electrons is donated by 
one of the bonded atoms. 


Covalent Bond 
(i) The bond which is formed by the mutual sharing of 
electrons between two atoms is called as covalent 

bond. 
(ii) e.g. 


Hex H +H-H 
Chex Ci+ci-cl 


(ili) Coordinate covalent bond is represented by an 
arrow pointing from the donor atom to the acceptor 
atom. 


(iii) Single covalent bond is represented by a single. 
line, double covalent bond by two lines and tripe 
covalent bond by tree lines. 


tis formed by the end to end overlap of two s-, 
one s- and one p-orbitals and two p-orbitals along 
their internuclear axis. It also results from end to 
end overlap of hybrid orbitals. 


It is a weak bond due to poor overlap of orbitals. It 
is formed when sigma bond already exists betwee" 
atoms. 


ttis a strong bond due to greater overlap of orbitals 


peeepee 


eee pe 


e 


molecular sigma orbital consists of a single | The molecul 
on cloud symmetrically around the ape 


ternuciear axis. 


Pi-orbital consists of two electre 
Clouds , one above and ‘one below a 

‘ " 
bonded atoms. Heaton ofthe 
As the electron cloud overlap is above and below 
the plane of atoms, free rotation is not possible 
around pi-bond. 
Important Previous Board Questions 
why polar covalent'bond is stronger than a non-polar covalent bond? 
Why do rroble gases not exist in diatomic form? ; 
why the second ionization energy value is always higher than first ionization energy value? 
Why electron affinity value of I-A group are less than those of 1-A? 
C0, 1s@ non-polar molecule although its bonds are polar. Why? 
Why nitrogen molecule is diamagnetic? 
Why the ionization energies of III-A group elements are less as compared to II-A although the values should 
increase form left to the right in a period? 
why the first electron affinity for most of the elements is Negative. While the second electron affinity for all the 
elements are positive? 
why the dipole moment of CH, is zero? 
Why the covalent bonds are directional? 
What is Octet Rule? Why certain elements do not obey it? What is the relationship between the bond energy, 
bond'strength and bond length? 
Phosphonium ion has different types of bonds. Justify it. 


For Answers study Scholar's CHEMISTRY (Objective) Xi 
— ’ 


THERMO CHEMISTRY 
fi in which we study heat changes accomy 


chemistry.” , 
i they possess energy. Different substances have diffe 
tances exist, because as ¢ different energies associated with th 
ree total energy of reactants is never equal to that of Products. In a chemical Feaction, the energy in the pa of 
inv either be absorbed or evolved. 


Heat of reaction oe, 
“The amount of heat which is absorbed or evolved during a chemical Teaction és called heat of reaction.” 
enthalpy of reaction 
“The amount of heat which is evolved or absorbed during a chemical reaction at constant temperature and 
pressure is called enthalpy of reaction.” 
AH = -ive (for exothermic reaction) 
AH = +ive (for endothermic reaction) 


panying a chemical reaction 1s called thermo- 


txamples 
() The formation of water from hydrogen and oxygen is an exothermic Process. 


Hyg + 4Ox9—> H,Qq AH = -285.58 kJ mol! 
(i) The combustion of carbon in oxygen: - 


Cis + Org, —> CO) AH = -393.7 KJ mol 

(til) In the Haber's process, the formation of ammonia is also an exothermic reaction. 
Nyy) + 3H, = 2NHy,) AH =~41.6kJ mol” 

(tv) The decomposition of water into oxygen and hydrogen is an endothermic reaction. 
HO) > Hay) + 4Ox,) 4H = +285.58kJ mol”! 


(©) When ore mole of nitrogen combines with one mole of oxygen to yield nitrogen oxide (NQ), 180.51 KJ of heat is 
absorbed by the system and the reaction is endothermic. 


Nay) + O15) > 2NO,) 4H = +180.51kJ mol”! 


The subject matter of thermochemistry is based on the first law of thermodynamics. 
The subject has an important practical utility as it gives us information about the energy or heat contents of compounds, @ 
knowledge of which is necessary for the study of chemical bonding and chemical equilibrium. The scope of 
ochemistry is limited mainly, because only a few of many chemical reactions are such, whose heats of reaction can 
weurately measured, 


Endothermic Reactions 


(i) The reactions in which heat is absorbed by the system. 


(ii) Heat content of reactants is less than that of products. 
Hp > He 


q Liar Hp > Hp 
WS Si aa Sea oes ome iv) The number of bonds breakage is greater than bonds 


W The number of bonds formed is greater than bonds 


= wreakaes ‘during the reaction. , formed during the réaction. 

y ¢ temperature of the System rises and eventual] 

flows fr ‘ ntually heat | (v) The temperature of the system falls ang 

S from the system to the Surroundings. flows from the surroundings to the system tally eae 
(vt) Most spontaneous Feactions are exothermic,” 


Examples 
Hug) + 1/204 ——» H,019 


(vi) Most non-spontaneous reacti 
) por ions are endothermig 
Examples 


AH-= -285.5 kJ mol” “[ Nata ¥ Ox) ——¥2N0,, AH= +180. 
3 51 ps 
Gis) + Orig) ——> COng) AH = -393:7 kJ mol” H,0i9—> H,04) AH=+a4k ae 
Exothermic Reaction 


Endothermic Reaction 


Reactants 


t 


Increasing 
enthalpy 


enthalpy 


Reactants 


Q6. (a) What are spontaneous and on-spontaneous reactions? Give examples. = 
Spontaneous Reaction or Process 
“A process which takes place on its own without any outside assistance and moves from a hon- 
equilibrium state to equilibrium state is called Spontaneous reaction or natural process.” 
A spontaneous reaction is unidirectional, irreversibleand real, Spontaneous reactions are mostly exothermic. 
Examples 
(i) Water flows from higher level to the lower level. The flow cannot be reversed without some external aid, 
(ii) Neutralization of a strong acid with a strong base is a spontaneous acid base reaction, 
NaOH,,,) + HCl, —= NaCl.) + HQ) 
(iii) When a piece of zinc is added to the copper sulphate solution, blue-colour of the solution disappears due to the 
Spontaneous redox reaction. . 
CuSO 4,4) + Zm4,) > ZnSOy,) + Cuyy 


(iv) Transfer of heat from hotter to colder body. 


A reaction will also be called a Spontaneous process, if itneeds energy to start with, but once it is started, then it 
Proceeds on its own. Burning of coal and hydrocarbon in air are examples of such spontaneous reactions. A piece of coal 
does not burn in air on its own rather the reaction is initiated by a spark and once coal starts’ burning, then the reaction 
goes spontaneously to completion. 


Non-Spontaneous Reaction or Process 


“A process which does not take place on its own and need’ external assistance to carry out is 
called non-spontaneous process.” 
A non-spontaneous, reaction i$; 9s. age Ai Slerebettant ekotdied teridenadea Al 

© _ Reversible processes constitute a'limiting case spontineous and rion’spontantdtis processes. 

¢ Some non-spontaneous processes.can be made to take place by supplying energy to th system fromextemal source. 

Examples 

(i) Pumping of water uphill. 3 

(ii) Transfer of heat from cold interior partof the refrigerator to the hot surroundings. 


(iit) When nitrogen reacts with oxygen, nitric oxide is formed. This reaction takes place by the absorbance of heat Samples 


Although, N) and O; are present in air, but they do not react chemically at ordinary conditions. The reaction takes pI“* | (i 


| when the energy is provided by lightning. nl 
Ny) +Oy,) —= 2NO,,) (Non - spontaneous reaction) ) 


pether a reaction will occur spontaneously or not, it is necessary to study the free energy 
concept of free energy can help us to understand the processes in terms of entropy chain. 


4H = +44.0 J mol"! 


‘Ammonium chloride dissolves in water and this Process is also endothermic. 
(wi) 


* 
NH,Cl,, ===> NH gag) + Clq) AH=+15.1 mol! 


termination of spontaneity of a reaction 
be! : 


The enérgy change alone cannot help us to predict, whether a Teaction will occur Spontaneously or not. To predict 


change (AG) of the system. The 
AG = +ve (for non-spontaneous) 
AG= ve (for spontaneous) 


06.(6) Explain that burning of a candle ts'a spontaneous. Process, 
Avreaction which takes place on its own without outside assi 


Ans. 


v stance and moves from Non-equilibrium state to 
equilibrium state is called spontaneous reaction. 


The candle is made up of wax which iS a hydrocarbon: On combustion it converts into carbon dioxide 
Wax + Oxygen —>+ Carbon dioxide + Steam AH = ~ive —_— 


Although burning of.candle needs an initiation but once combustion is started then it proceeds’on its own in the 
presence of waxiand oxygen. —— 


So we can say that burning of candle is a spontaneous process. 


id steam, 


Q6<.__ Is it true that.a non-spontaneous process never happens In the universe? Explain It. 
Ms. No, itis not true. Sometimes a non-spontaneous reaction can happen in universe. 


Sometime conditions are not suitable for a particular reaction but at some other time same reaction can happen 
due to suitable natural conditions. For example, nitrogen and oxygen are present in air and are unreactive under 
normal atmospheric conditions but during thunderstorm and lightening, electric spark enables these gases to 
react with each other as their reaction is highly endothermic. 

Nag) + Or —> 2NOwy AH = +180 KI mol” 
Soitis an example of a natural Non-spontaneous reaction. 


U. Define the following terms and give examples. 


@ System (ii) Surrounding (ii) ~~ Boundary 


> ———— 


i i for the purpose of 
“Anything (materials) under test in the laboratory or under consideration in the classroom for the pu 
ft8ument is called a system.” or 


Any portion of the universe which is under study is called a system.” 


Ina reaction between Zn and CuSO,, the contents of container are systems. 


Cup of water is a system. 
k under discussion is a system. 


© The absolute values of internal energy can not be determined but change in internal energy (AE) can be measured. 
¢ AE isa state function. 


Explanation 


kinetic as well as potential energies of the particles contained in the system. The kinetic energy is due to the translational 
rotational and vibrational movements of particles. . 


“Around the 


system, all the remaini f i i 
surroundings." ining parts of the universe are called its 


In the reaction between Zn and CuSO,, 


“The description of a system before and after a change is called state of system.” 
or 


the flask and air are Surroundings and the surface of flask is boundary 


“The conditions of a system are called state of system.” 
Explanation 


Let T, and T, denote the temperature before and after heating respectively. The change in temperature, AT may be 
represented as 


AT = Final temperature — Initial temperature 
AT=T>-T, 


“A macroscopic Property of a system which has some definite values for initial and final States, and which is 
independent of the path adopted to bring about a change is called state function,” 
By convention, we use capital letters as symbols for a state function. 
Examples are pressure (P), temperature (T), volume. (V), internal Energy (E), enthalpy (H) etc. 
Important point 
Work done and heat are not state functions becaus¢ they depend upon the path followed to bring about the 
change. . 
Explanation 
Let us suppose V, is the initial volume of the gas. A change is brought about in the gas and its final volume 
becomes V;. The change in volume (AV) of the gas is given by: . 


“The total of all the possible kinds of energies of the system is called internal energy.” 


F f 
A system containing some quantity of matter has definite amount of energy present in it. This energy is the sum? 


a, 


(a) 


(©) 
Translational motion A diatomic molecule A tetraatomic 
molecule 
of He gas molecules OfH,is vibrating BF, is, rotating on am axis 


oe Disomic molecules have translational motions as well. Anyhow triatomic and higher molecules have translational, 
jonal and rotational motions. 


i ays of transferring eneregy| 


ymental 
‘There are two fundamental ways of transferring energy to or from a system. 
(i) Heat 

(ii) Work 


“The quantity of energy that flows across the boundary of a system during a change in its state due to the 
diffétence in temperature between the system and the Surroundings is called heat (q).” 
¢ Itisnota property of a system. 
 ftisnot astate function. 
Sgn convension 
* q=+ve (when system absorbs heat from the surroundings) 
* q=-ve (when system releases heat to the Surroundings) 


Standard conditions are: 
© a pressure of 1 atm 
© a temperature: 298K(25°C)is 


Work 
" ; ° usually used 
“The product of force and displacement is called work (w): © a concentration of s mo! den? 
W=FxS (for aqueous solutions). 


* itis nota state function. 

* In SI, the unit of work is ‘Joules’. 

Sign convension : 
= ~ye (when work is done by the system) 
w=++ve (when work is done on the system) 


© a standard state is the physical 
state of a substance under 
standard conditions. 


: i istry is pressure- 
There are different kinds work: The type of work. we most comeonly enacts im sheet? 
work. For example, expansion can occur when a gas is evolved during a chemical reaction. 
. YOY 


avey,-V, 


Caco, + 2HCi| ——> Cac, + CO, +#,0 


Marble chips 
+ Dil. HCI 


ring expansion 
re - volume work during 
Pressui of a gas. 


me work force becomes Press! 
external pressure and ‘AV’ is thé’than| 
Q7. (a) What is first law of thermp dynantics? How 

(i)q, = aE (ti) q, = AH 


Where ‘P’ is the 


Ans. 
First Law of Ther dynamics 


“Energy can neither be Created nor de: 
ne form to another.” 


‘stroyed during a chemical reaction but. can be changed from 


or 
"The total energy of a System and its surroundings remain constant.” 
It is also called law of conservation of energy. — 
Mathematical form me iN 


4E=qt+w 
Explanation 2 

Consider a gas enclosed in a cylinder having a’frictionless piston, When = 
@ quantity of heat ‘q’ is supplied 


to the system, its internal energy ‘E,’ changes to 
“Ey' and piston moves upwards. The change in the intemal energy AE is given by 
rt the following equation: 


i 4E = £)- E, =q+w 
4E=q+w . 
i In this equation, “q° represents the amount of heat absorbed by the system and 
“w’ is the work done on the system in moving the piston up, 
4 If ‘w’ is the pressure-volume work, then the above expression assumes the following form: 
. 4E=q+PAV “w= PAV! 
When the piston is kept in its original position or the volume isinot’allowed to’change, then 
4V=0 
AE =, 


and then 
Conclusion 


This shows that a change in the internal energy of a system, at constant volume is equalito heat absorbed by system. 


“The sum of intemal energy (E) and the product of pressure and'volume 
(PV) is called enthalpy of the system.” 


P 
la i 
H=E+Py | 
Important points 
¢  Enthalpy is a state function. 
© —Enthalpy is measured in “Joules,” 


© It is not possible to measure the enthalpy of the system: in 8 given state. 


However, change in enthalpy (AH) can be measured for a change in the state a) fel { 
of system, ped t sated 
Prove that AH =q, ! ‘3 


Consider a gas enclosed in a cylinder having a piston. The external presfie on the piston is kept constant so tha! 
SP =0. 


is used © 
Now when heat ‘q’ is given to the System, a part of this heat is used to increase its intemal energy and the rest is used 
do work’ on the Surroundings by increasing volume from V to V2. 

According to definition of eathalpy 


~~ 


H=E+pyv 
A change in enthalpy of a system is written as 4 
AH = AE + A(PV) 


ie 


~ : ‘ i ‘a A 
"gn JEMISTRY - XI (Subjective) 
we 285 
AHi= AE + APV + PAV : 
as is kept at constant pressure i.e., AP = Q 
since clan ASH = AE + PAV 
and Solids 


In case of fiquids and solids, the changes in state do not cause significant volume chi 


AV = 0-For such process, AE and AH are proximately the same ie AH = AE 
According to first law of thermodynamics: 


ange 1¢ 


SE=q+w 
If wis pressure ~ volume work done by system, then 
w=-PAV 

AE =q- PAV 
Putting the value of AE in equation; 

AH=q- PAV + Pav 

SH=q 
Since pressure is kept constant then . 
7 AH= q, 


This shows that change in enthalpy is equal to heat of Teaction at constant pressure. The Feactions are carried out at 
constant pressure:more, frequently than at constant volume, So working with AH is rather more convenient than AE, 
wt istt true that AH is equal to AE for reaction taking place in solution form? 
‘Ans. - According to equation for enthalpy change. 
GH = AE + PAV 
Where 
AH is enthalpy change, 


AE is internal energy change, P is pressure and 
AVis change in volume of system. \ 


ce 
ForJiquids.and solution, the volume change is negligible by applying heat Ne 
So * AV=0 ¥ v7 
Hence PAV=o0 4 
And. AH = AE 


Sothis equation show that itis true that AH = AE for reaction taking place in solution form 
.@ Define the following enthalpies‘and give two examples of each. 


(® — Standard\enthalpy of reaction (i) Standard enthalpy of combustion 
(i) Standard enthalpy of atomization (iv) Standard enthalpy of solution 
(¥) _ Standardienthalpy of formation (vi) Standard enthalpy of neutralization ne 
Euthalpy of a Reaction For “di ~~ 't ; 
enthalpy change \whidh occurd hen the certain number of ities of ee of formation 1s ye 
Feactants react together completely to give the products under standard ‘eoneitions |. defined as zero 
ie 25°C and one atmosphere’ pressure is called staridard enthalpy of-reaction ~ 1. formation of 
wane Sen Le Os ee H, from Hi, does 
(aH’); ia Me 
Ohits not involve a chemical t 
aa change so there~s no 
Us unitg.are kd mole”! 


enthalpy change 


\ 


Chapter 7 (Th 


Increasing 
enthalpy 


Enthalpy changes in thermochemical reactions 
Example < 


I +12 Oxy, ——> HO 4H? = -285.8 kJ mol”! 
-285.8kJ mol” is standard enthalpy of reaction, 
Enthalpy of Formation 


“The amount of heat evolved or absorbed when one mole of compound is formed 
trom ts elements under standard conditions of temperature and pressure is called 


standard enthalpy of formation (aH?) ofa compound.” 
important points 


¢ All the substances involved are in their'standard physical states. 


* The reaction is carried at standard conditions i¢. at 38°C (298K) and one atmospheric 
pressure. 


© Its units are kJ mol™', 
Examples: (i) The enthalpy of formation, (AH? )forMgo,,, is -692kJ mol” 
Mg) + 40x) ——> MgO, 4H? = -692 kJ mol” 


Reactants 


© State symbols ive the 
Physical states of each 
Species in a réaction: 
Gaseous state, (g); 
liquid state (¢); 
solid state, (5), ~~ 
@queOUS solution; faq) 


(ii) When carbon reacts with oxygen to form CO;, 393.7kJ mol” of energy is released. It is AH? of CO,,). 


Cys) + Ox) ——> COxg) AH? = -393.7 kJ mol” 


Enthalpy of Atomization 


"The amount of Heat absorbed when.one. mole of. ‘gaseous.atoms-are. formed -from-the.e i 
under standard conditions is called standard enthalpy-of atomization of thatielement(AH’,, - : 


¢ Its units are kJ mol”. : 
Example: The standard enthalpy of. atomization.of hydrogen is 
AH ——> Hy : OH’, 
A wide range of experimental techniques,.are 
“The amount of heat evolved when onemole of hydrogen ions!(H") from an’acid, 
react with One’mole of hydroxide ‘ions (QH") froma’ basesto form onésmole‘of 
water under standard conditions _ is. called standard enthalpy of 

neutralization (AH; ) 7 


S218k) mol ’ 


¢ — Its units are KJ mol 
Example 


HC hag) === Haq) + Clg 


NaOH. —==> Na‘iog + OH aq) 


Ree: 


available-for-determining enthalpies of atomizstion, sf eng 


For weak atlids, this 
enthalpy change és less 
exothermic because 
some input of enerey is. 
required to disso 
the acid because 2 We? 

acid only partially 
dissociates into ions. 
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cholate : : 


when these solutions are mixed together during the Process of neutral 


‘ format 
of neutral 


Pf pete lization, the only wi 9 
tion of water molecules leaving the sodium ions and the chloride ions as free soncnae ina ually occurs 
ization is merely the heat of formation of one mole Of liquid water fr Solution. Thus, enthalpy 


: f fom its ionic components, 
Ha) + Cl aay + NB ogy + OH ug) Naty 


* Clay + H:0,,, 
Huy + OF uy === HO) AH? = 57.4. mol"! 


for any strong acid with a strong base is proximately the same ie. -57 4 mole 


heat evolved when one mole of a substance is completely burnt in excess of oxygen under 
standard conditions is called standard enthalpy of combustion of a substance (aH?).” : 


-1 
» Itsunits are kJ mol”. 


txample 
Standard enthalpy of ethanol is -1368 kJ mol”! 


C2HsOH 4 + 30244; —> 2C0,, + 3H20,) AH? = -1368 kJ mol"! 


“The amount of heat absorbed or evolved when one mole of a substance is dissolved in $0 much solvent thet 
further dilution results in no detectable heat change is called standard enthalpy of solution (AH®,,,).” 

 Itunits are kJ mol". 

() Enthalpy of a solution of NHCI = +16.2 kJ mol”. 3 

(ii) Enthalpy of solution of Na;CO; = =25.0 J mol". 

before and after the reaction, as long as the heat of reaction evolved or absorbed is considerable. More accurate values of 

aH Gin be'détected by using: 

|. Glass cdloriméter™ 


tamples. 
Exothermic and ertdothermic reactions can easily be detected by observing the temperature of the reaction vessel 
2.Bomb calorimeter . 


Objective rtyerocniare 
An ordinary glass calorimeter can be used to determine the value of AH, ber 
Instrumentation 
This usual type of calorimeter is basically an insulated ‘container. It 


Consists of: = Sa 

- — ORE RE pen SyR oo 
* Stier vet BCRP YEE Ne LA, C' 
* Thermometer 
* Lid 

, : Beaters Cone 

* Wool or cotton:is present between the two beakers. essa i Usieeiaare 

ng y enthalpy change.of reactions, 


__Reactants in stoichiometric amounts are placed in calorimeter. When the 
the 'Onproceeds, the heat energy evolved or absorbed will either warm or cool 
chen The.temperature of the system is recorded before (T,) and after the 

hemical Teaction (T;), Now calculate the temperature change (AT). 


AT=T,-T, 


er 
S 


—s 


| 
F 
f 
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Chapter 7 (Thermo Chem, 
Calculations 
Knowing the change in temperature, the mass of reactants i 
. 7 present and the specific heat of 
the quantity of heat ‘q” evolved or absorbed during the reaction, Thos mane We can Calcul 
q=m*sxAT 
where m= mass of reactants 
$= specific heat of reaction mixture 
AT = change in temperature 
Heat capacity i 
“The product of mass and Specific heat of water is called heat capacity of the whole system.” 
+ c=mxs 


Objective 
A bomb calorimeter is usually used for the accurate 
determination of the enthalpy of combustion for food, 
fuel and other compounds. 

Instrumentation 


A bomb calorimeter consists of a strong cylindrical steel 

vessel usually lined with enamel! to prevent corrosion. A 

known mass (about | g) is usually placed in a platinum 

crucible inside the bomb. The lid is screwed tightly and 

oxygen is provided in it through a valve until’ the 
Pressure inside is about 20 atm. 

After closing the screw valve, the bomb calorimeter is 

then immersed in a known mass of water in a well- 

insulated calorimeter. Then it is allowed to attain a 7 

steady temperature. ‘* 

Working 7 

The initial temperature is measured by using the thermometer present in the The specific heat 


calorimeter. The test substance is then, ignited, electrically by passing the current through Capacity of a 
the ignition coil. The temperature of water, which is stirred continuously, is recorded at Substance is_ the 
30 sec intervals. m energy, required to 
Calculation Saise the. temperature 
From the increase of temperature (AT) heat capacity (c) in KIK~' of bomb of ee 2 sakenangy 
calorimeter including bomb, water etc., we can calculate theenthalpy of combustion, by 1°C. 
q=cxAT - 
The heat capacity (c) of a body or system: is.defined as the quantity of heat required'to 
change its temperature by | K. 
HESS’S LAW OF CONSTANT HEAT SUMMATION 
Statement. 


“If chemical’ change takes place by several) different routes, the overall! energy 
change is the same, regarditss.of the route by. wiich the chemicalichange occurs, a— 
provided ithe initial/and 'final/conditions are the same.” : 
Explanation: im 
Let! A. can’ be converted! to D directly inia: single step andi Heatievolved'is AH. If o\ } 
the reaction\can Have a.route from A\ > B'—»C as.shown below t 
According to: Hess’ slaw, AH'= AH\ + AHS + AH, ars 
Mathematioally, DAH{cycle)'= 0) go! 
Of course; Hese’s law is simply. an’ application of the more fundamental law of conservation of energy: 
(cycle) = 0: Itimeans that: if one goes:from A\ to D'directly andicomes back to A through Band C then AH = 0. 


tp CHEMISTRY — XI (Subjective) 
9 ea 


ation of Na; CO, > 


see 2NaOH (xg) + COs) —+ NarCOyay + HO, AH = -89.08 J 


NaOH uy) + COs) ——> NaHCO AH; = 48,06 W 
NaHCO sug) + NSOH jy) ——+ NasCOrigy + HO, 


. AH; = ~41.02 kJ 
‘According to Hess’s law 
SH = AH, + AH, (t 
Putting the values of AH, AH, and AH) in the equation. 5 
89,08 = —48.06 - 41.02 
-89.08 = -89.08 kJ " 
y Enthalpy of Formation of CO +0“ __acg Fa, 
single step process 120, ay 
Cypaotnes * O11; ——> CO) AH gape) = -393.7 kJ mol! 420, FA 
two steps process an) wm, y 4 
Cipaphues * 2021) ——+ CO, AH(CO)= 7 : oe al 
CO),) + 20x——> COxg) AH(CO;) = -283 1d mol! to 
According to Hess's law 
AH = AH, + AH; 
AH; AH; - AH Indirect . 
-393 - (-283) determination of an alt 
=-110 kJ mot" enthalpy change uses q' t 
So, the enthalpy change for the formation of CO =-110.0 kJ mol” an energy cycle based rr 
Applications of Hess's law on Hess’ Law \ 
It is uSed in indirect measurement of: biehiciessniaae 
1, Heat of combustion ~ very difficult to. carry / kx 
2. Heat of formation and related reactions 4 
3. Heat of neutralization can be measured ‘ RY 
4. Lattice energy of ionic compound more easily. 


Explanation 

There jare many compounds, which AH cannot be measured directly by calorimetric method. The reason is, that 
some compounds like tetrachloromethane (CCI,), cannot be prepared directly by combining carbon and chlorine. 
Similarly, it does not decompose easily into its constituent elements. In the same way, boron oxide (BOs) and aluminium 
oxide (A1,0;) provide problems for the measurement of standard enthalpies of their formation. In these cases, it is difficult 
» lements completely in oxygen, because a protective layer of oxides covers the surface of the unreacted 
clement, Similarly, heat of formation of CO cannot be measured directly due to the formation of CO; with it. tg 


() Practically by means of calorimeter 
(i) Theoreticaity by means of Hess’s law of constant heat summation. 

By using Hess's law, we can calculate the heats of those reactions which are: 
{i) Completed in more than one steps. 
(i) Too fast (vigorous). 

(iti) ~ To stow to complete 


eae i ctically eg., ane 
In indirect measurement of enthalpy for a reaction which is not determined pra 


(a) enthalpy of formation of Al,O, 
(b) enthalpy of combustion of CO 
(c) Lattice enthalpy of ionic Substances. 


Qu2(a) What is lattice energy? 
Ans. — “Enthalpy of formation of one mole of crystalline ionic compound from gaseous ions under Standarg 
is called lattice energy.” ies: 


+ + Cl, + NaCl,,, AH, = -787 kJ mol” 
or 


“Energy required to break one mole of Crystalline ionic compound into its Baseous ions at standard cong; 
called lattice energy” tions 


Born Haber Cycle 


The energy change in a cyclic process is always zero. It finds its application in Hess’s law, 
Purpose : 

It is used to calculate lattice energy of binary ionic compounds like M” X~. 
Lattice energy 


“The enthalpy of formation of Ope mole of an ionic compound from its gaseous Opposite ions under standarg 
conditions is called lattice energy.” . 


e.g. Nay, +Cli,, —>Na°Cl’,, AH?,, =-787 kJ mol”! 

Lattice energy cannot be determined directly but values can be obtained 
indirectly by means of an energy cycle. 

Since, AH?. the standard enthalpy of formation of NaCl, can be 
measured conveniently in a calorimeter. AH? can be obtained if AH, which is the 
total energy involved in changing sodium and chlorine from their normal 
physical states to gaseous ions, can be calculated. 


NaCl,,, > Na; +Cl; 


(e) 


AH = +787 kJ mo!” 


Na (g) +e + Cl(g) 


(Bond dissociation 
‘energy of Ci.) 


'(g) +e + 1/2 Cl, (g) 
AH of Na(g) = +496 kJ mol’ (IE of Na) 


Na(g) + % Cl, (g) 


AH, of Cl, | =+121kJ mol’ 


AH, of Cl = -349 kJ mot” 
(Electron affinty of Cl) 


Na‘(g) + CI (g) 


AH, of Na(s) = + 108 kJ mol (Heat of atomization 
otis). = SHot Na’CI(s) = 7 


(Lattice energy of NaC!) 


Na(s) + % Cl, (g)(Reactants) 


AH.of Na’C](s)= | - 411 kJ mol” 


Na‘Cl(s) (Final product) 


Bom - Haber cycle 


‘ CHEMISTRY — XI (Subjective) 
a | a 
tris clear that 
AH? ==.4H, + AHy, 
AOHy, == 4H? - AH, 
BH, = OHagvs) + Higa + AHyecr + AH yc 
? 
0 port of atomization of sodium can be calculated from values of 
Hest of fusion 
Heat of vaporization 
Specific heat capacity 
" Nay) ——> Nay) 
=? : tat 
eas ionization energy of sodium can be obtained spectroscopicaly 
Nay——> Nav, + le” AH, = 496 kJ mol”! 
bag =? 3. 
. The heat of atomization of chlorine can be obtained from Spectroscopic studies. 
Yel) ——> Chg) AHy = 121 kJ mol! 
(ul) AHgcy = ? > 
The electron affinity of chlorine can also be found by spectroscopic studies. 
Ch +e ——> Cli, AH, = -349 kJ mol"! 


AH aimy= 108 kJ mol! 


wan, 
Thus 
AH, = (108 + 496+ 121 - 349) 
= 376 kJ mol 
Lattice energy of sodium chloride can be obtained, 
4H, =4AH?-AH, 
So. AH, = =—-411 kJ mol” - 376 kJ mol! 
= -787 kJ mol” 
The lattice energy gives us the some idea of force of attraction between Na” and Cl in crystaltine solid of sodium 
chloride, : 


Advantages of Born Haber Cycle 
(i) Wecalculate lattice energy of ionic compound. 
(il) Lattice energies are very helpful in discussing the structure, bonding and properties of ionic compounds 


1 Substances exist because they possess energy. Energy can be transformed-in the form of heat and the study of heat 
changes accompanying a chemical reaction is called thermochemistry h the entropy change. Both 
2 Whenever, a reaction happens, then the driving force is the enthalpy change, along wit 
ks Parameters decide upon spontaneity hme ee 
therm i ters are a 
Pint a one at pee law of conservation of energy and helps us 
and work. 42% 


to understand the e;utvalence of 


t is calculated f; ‘BSureg 
lemperature. TOM mass of . 
t 7. Hass’s law of heat summation is another form of first law of thermodynamics. It helps us to 
; enthalpy changes of those chemical reactions, which cannot be carried out in laboratory or peat rie 
( difficult to measure RPE ay 
j 8. According to Born-Haber cycle (another form of Hess's law) the energy change in a cyclic Process 
' equal to zero. With the help of this cycle, we can calculate lattice energy of ionic crystals. Salva, 
SOLVED OBJECTIVE EXERCISE 
j 
Qi. Select the suitable answer from given choices: 
i (i) If an endothermic reaction is allowed to take place very rapidly in the air, the temperature of the surrounding aj 
, (a) rggmins constant 7 (b) Increases ? chal 
G creases (d) remains unchanged 
(ii) : 


Constant pressure, then is the enthalpy change of the system, 
equal to internal energy change. 2 + Anyho 


freactants, specific heat and change of t 


In endothermic reactions, the heat contents of: 
(R) luct is more than that of reactants 
(bY reacrant is more than that of product 
(c) beth (a) and'(b) 

(d) reactants and products are equal 


(iii) Calorie is equivalent to: 


(v) 


(vi) 


(vii) 


(viii) 


(ix) 


BS tnd always give H’ ions and bases OH” ions 


(a) 0.4184) (b) 41.84) 
(c 184 J (d) 418.45 
(iv) gti fy fieat energy of a chemical reaction at constant temperature and pressure is called: 
U enthalpy change (b) heat of sublimation 
(c) bond energy (d) internal energy change 


Which of the following statements is contrary to the first law of | thermodynamics? 
(a) energy can neither be created nor destroyed 


(b) one form of energy can be transformed into an equivalent amount 
ot other kinds of energy 

(c) in an adiabatic process, the work done is independent of its path 
continuous productions of mechanical work without supplying an 
equivalent amount of heat is possible 


For a given process, the heat changes at constant pressure (qp) and at constant volume (q,) are related td tach 
other as: 


(a) =o (b) <q 
Ul ere @ 


Ge = Q/2 


For a given reaction NaOH + HCl——> NaCl +H;O the change in enthalpy is called: 
(a) ft of reaction ~ (b), _ heat of formation 
( heat of neutralization (d) - heat. of combustion 


The net heat change in a chemical reaction is same whether it is brought about in two-or more different »ays " 
one or several steps. It is known as: 


(a) Henry's Law ‘ (b) Hess's law 
(c)  Joule’s principle (d) Law of conservation of energy 
Enthalpy of neutralization of all the strong acids and strong bases has the same value because: 


(a) neutralization leads to the formation of salt and water 
(b) strong acids and bases are ionic substances 


the net chemical change involve the combination of H” and OH™ to form water 


In endothermic Feaction, a system al 
takes place very rapidly the t 


fa) product is more than that of | A substance exists because it 
reactants of the reactants is Jess.than that of 


I cal= 4.184 


mechanical work without 


amount of heat is possible 


(©) 4? 4 
(c) heat of neutralization 


“The total en 
It is also called law of conservai 


(d) the net chemical ‘change | Enthalpy of neutral 
involve the combination of H”™ 
and OH" to form water 


lemperature of surroundin, igs dec 


Possesses ener; 


‘The change in heat ‘energy of a chemical reacti 
pressure is called enthalpy change (AH) 
(@) continuous productions of | According to first law of thermodynamics 
_ “Energy can neither be creat 
supplying an —_ equivalent | reaction but can be changed from one 
or 


ergy of a system and its surroundings remain constant.” 
tion of energy 


Reason 


bsorbs energy from its su 


form to another.” 


Froundings. If it 
Tease, 


By. If the enthalpy (heat contents) 
Products, the reaction is endothermic 


fon at constant temperature and 


ed nor destroyed during a chemical 


Since more amount of energy is fequired when a’reaction is caried out at 
constant pressure than at constant volume so Gp > 


The reaction between an acid and a base i: 
evolved is called heat of neutralization. 


According to Hess's law: 

“If a chemical change takes place by several different-routes, the overall 
energy change is the same, regardless of the route by which the chemical 
change occurs, provided the initial and final conditions are the same.” 


iS @ neutralization reaction and heat 


tion is merely the heat of formation of one mole of 
liquid water from its ionic components. 


Haq) + C0 aq) + Na agp + OH ug) RR Na’ yg) + Cling) + 120, 


Hwy + OH ug) ee HO, 9 AH? = -57.4kJ mol! 


of the path adopted to bring about that 


Q2. Fill in the blanks with suitable words: ; 

{) The substance undergoing a physical or a chemical change forms. chemical - 

ii) The change in internal energy stb measured. .. 

(ii) Solids which have more than one crystalline forms possess values of heat of forffiation 
() A process is called if it takes place on its own without any external assistance. 
“oA is a macroscopic property of system which is 

change. 

ANSWERS, 
%. 


Indicate the true or false as the case may be: ; 

'tis necessary that a spontaneous reaction should be exothermic. 
Amount of heat absorbed at constant volume is internal energy change. 
The work done by the system is given the positive sign. 


ue - | 


= Are 


a fale 
WY ty! 


Chapter'7 (The: 


“ Eribalpy is a state function but internal energy is not. 
d otal heat contents of a system in called enthalpy of system. ‘ d : , 
; a i iS ci maa aa 


ANSWERS . ; 


[Fate Tap Tme [ip rane [oo Fase [orto —] 4 


L ant 3 3._AHis positive. 
Number of bonds formed is greater than the 
me kage during a reaction. 4% The number 


Of bond breakage is 

Breater th 
son 3 the bonds formation during a reaction. ee 
femperature of the system rises and eventually |5. The tem, 


The ; perature of the system {; 
5 peat flows from system to surroundings. eventually heat flows temple ie sg 


system. 


a 


; The most spontaneous reactions are exothermic. 6. The most’ non-spontaneous reactions 
} are 


endothermic. 
Examples 


— > COxy AH = -393.7 I mol" 


Internal Energy’ t Enthalpy Maa Cog Ng Seo tire : 
The total of all the possible kinds of energies | 1. The total heat contents of a system which is.a sum - Oo 
of the system is called internal energy. of internal energy and product of pressure and K 


7, Axeaction which takes place on its own without any | 1. A reaction which does not take place on its own 
external jassistance and moves from a non-equilibrium and needs external assistance to carry out is 
state to Equilibrium state is called spontaneous. called non-spontaneous reaction. 
2. Itisaunidirectional reaction. 2. Itcan be reversed. 

3. Itisa real process (natural process). 
4. Example 

{NaOH + HCI—> NaCl + H,0 

(i) CuSO, + Zn —> ZnSO, + Cu 

{iil) The flow of water down hill 


volume is called enthalpy. 
Mathematically . Mathematically: 
E=KE.+P.£. : He Ese 
For a given system, the vi 1 fF E is i F gi us 
i alue of E is smaller | 3. For a given system, the value of H is greater than E 
than H by a factor PV - = - ~by a factor-PV. - - 
E=H-PV a H=E+PV 


3. It does not occur in nature (usually). 
5. Example 
{i) Pumping water uphill. 

(li) The flow of heat from colder part of refrigerator 
to hotter surroundings. 


(il) Internal energy change and'enthalpy change’ has 


o———————————————————————————————————— SSS 


Internal Energy changeiAe) aE Eothalpy change (AH) {v) The burning of candle. (iii) The reaction of N, + O, (natural) during lightning Ye 
1. The internal energy change of @ chemical reaction'is|| 1. “The enthalpy change of 4 chemical reaction is (v) The flow of heat from hotter to colder body. and thunder storm. ; »: 
equal to the heat absorbed or evolved by a_system equal to the heat absorbed or evolved by a Nag) + Oxy —> 2NOw AH = 180 kd mo! i 
at constant volume. =~ system at constant pressure. i 
8. Whatlls the difference between heat and temperature? Write a mathematical relationship between these two ‘ N 
parameters. $ 
» 


Temperature 


4. AE = AH- PAV 4. OH=AB+PAViCs Leer 


\. The total kinetic energy of all the molecules of a] 1. The average kinetic energy of all molecules of 2 
substance is called heat. substance is called ifs absolute temperature. 


2 tisdenoted by ‘a’ F2. Ieisdenoted by T= 


3 Wis not a state function and just a way to transfer 
energy, 

4 Heat absorbed or evolved can be measured by using | 4. Temperature is measured by a thermometer 
ass orbomb calorimeter. — —~ 


5. Unit fo, nit for temperature is °C, °F of Kelvin. 


ty of a substance; 
Kdepens Upon the quantity of substance. G. tis independent of the quantity of 8 SvPSe 
' ‘ So ~F 
- y 


(ill) Exothermic reaction and Endothermic reaction ; 5 
Exothermic reaction ‘ Endothermic reaction 
1. ‘Inthis reaction, heat is evolved from the system. 4, In this reaction, heat is absorbed by the system. 


2. The heat contents of product Is less than that of | 2. The heat contents of products is more than that 
reactants. of reactants. 


|Gainin ‘enthalpy 
|AH ts positive 
SHAH, «H, ove 
H, 


“Mathematically qe m xs x a 


or q=cxdT 
where = heat-dbsorbed/evolved 


Reactents 


" Chapter 7 (Therme Chen 
v ™m = mass of substance 7 


S = specifre heat 
AT = change in temperature 
c = heat capacity if mass is one gram 


Qs. Define heat of neutralization. When a dilute solution of a strong acid is neutralized by a dilute 


strong base the heat of neutralization is found to be nearly the same? How do YOU account for this? my 
Ans. “Enthalpy of neutralization is the amount of heat evolved when one mole of hydrogen ions H* fro = 
react with one mole of hydroxide OH" ions from a base to form one mole of water. fe cg, 

H’,,, +OH/, 


imag) > H,0, AH = -57.4 kJ mol 
All strong acids and bases ionize completely in aqueous solutions providing equal number of H* and'on- 
depending upon concentration of solutions. z n = 
So a net result of neutralization is just the formation of water from its ionic components. 
For all strong acids and. bases with equimolar concentrations of ions, the.value of heat of neutralization 15 Same 
i.€., -57.4 KJ mol” or 13.2 Kcal mol”. 
Qioa. State the laws of thermochemistry artd show how are they based on the first taw of thermodynamics? 
Ans. 1st law of thermodynamics 1s law of conservation of energy. It is stated that 
“Energy can neither be created nor be destroyed but can change from one form to another.” 
There are two important thermo chemical laws Which are based on law of conservation of energy i.e., 
(1) 1st law of thermochemistry. 
(ii) 2nd law of thermochemistry or Hess's law. : 
1st law of thermo chemistry: “The amount of heat required to decompose a compound into its element is equi 
‘ to the amount of heat evolved when that compound is formed from its elements”. 
Example 


(0, 


AH bane *-787kJmo!' 
AH piice = +787 kJmol" 


Na" 


NaCl, —> Naj,, + cli, 


+ Cl, —> NaCl, 


It is in accordance with law of conservation of energy. : seein 
2nd law of thermochemistry/Hess’s law: “The amount of heat evolved or absorbed in a process Including a 
chemical change is same wether the process takes place Injone step or several steps.” 


Mathematically, ° 


AH ® AH, #.AH, + Hy... 
Enthalpy of direct route = Sum of enthalpiestof indirect route 
or 
“The enthalpy change of a system depends upon its initial and final stage only, It is indeperdent of the path 


followed by system” - 
or 


“Sum of enthalpies of a cyclic process Is zero”. _* i i ae = 
LHe =O 
It also satisfies the law of conservation of energy. 
rob, What is a thermochemical equation? Give three examples. What Information do thay convey? 


Definition: A balanced chemical equation which fully describes the physical states of rectarts 
the form of state symbols along with an enthalpy change during the reaction is called a 


equation. * 


and prot 
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noe apply Hess's law to justify your answer? 


jon from thermo chemical equation: It tells us about 
physical states of both reactants and products. 
] Exact number of moles of reactants and Products. 
Heat evolved or absorbed during a reaction 


AH = -285.8 ki mol” 


Cu) Oxy —? COs BH = -393.7 1d mot" 
MH = +218 ki mol” 


“ 2Hap + O29 — 2H,0(q 
(ii) 
(ii) 


YH — Ho 


Is It necessary to mention the physical states of reactants and products in a thermo chemical reaction? 


itis necessary to mention the physical State of reactants arid products, because enthalpy 1s associated with a 
typical phase of a substance. With a change in physical state of reactants or Products, enthalpy change of the 
reaction will be changed. 

$0 apparently two reactions are chemically same but thermo chemically, they may be different from each other 
Application of Hess's law: Steam is produced from H, and O, by two different routes 2 
Route |: 

(Ha + 40x —> H:0y AH = -241.5 kd mol” 


Route Il: : 
(i) Hayy + 4024) —> H20(q AH, = -285.8 Kd mot” 


(iii) H,Qiqg—> Hw AH, = +44.3 KI mol” 


According to Hess’s law 
AH = AH, + AH, 
241.5 = (44.3) + (-285.8) = -241.5 
So Hess’s law is only proved by thermochemical equations. 


ao. What is the meaning of term enthalpy of ionization? 


hes, “Energy absorbed during the process of lonization is cafled enthalpy of ionization.” 
Reason: Weak electrolytes do not completely ionize in water as their molecular forms are stable. So heat energy j 
is required to ionize weak electrolyte in their aqueous solution which is enthalpy of ionization 
Example 


a i AH = +2.1k3 mo!” 
CH,COOH iy ===> CH,COO;,,, + H/.5) AW = 42.1 F 


, 
. The temperature of the ¥ 
Q3. S0em? 7 of 1.00M: NaOH in a glass calorimeter, Je. Calculate 
rele eee hae aut: to 27.5°C.- Assume that calorimeter aor bp aad specif - 
the enthalpy change mole” for the reactions. The density of solution to be cons 


beat is 4.18 Ig! K"'. 
Au, Given data 
Volume of HCIZ + 
Molarity of HCI 


= 50.00 cm’ \ 
- 10 / 


Volume of NaOH 


= $0.00 cm’ 
Molarity of NaOH = 1.00 
Initial tempertature = 21.0°C 
Final temperature = 27.59°C 
Density of solution = 1.00 mg cm? 
Specific heat of solution = 4.18 Jk" g! 
Total volume of solution = 50 +50 = 100cm’ 
Density of solution = 1.0 g cm” 
Enthalpy change = 2 
First of all calculate mass of solution 
Formula applied: 
Density = ad 
Voiume 


Mass of solution 
Putting values 
Mass of solution 


volume x density 


100 em? x 1.00 gem” 


Mass of solution = 100 g 
Change of temperature( T) = 27.5°C — 21.00°C 
= 65C°=6.5K 
Since temperature has increased, so the reaction is exothermic. 
Formula applied: 
q = —sxmx ot 
3 Putting the values 
q = — =4.18 KI" K* x (100g) (6.5 K) 
q = -27003=-2.7k 
ee This is the amount of heat when 50 cm? of HCI and 50 cm’ of NaOH react to neutralize each other with molarity 
1,00. 


Enthalpy change on molar basis: 5 “Tse 
It is a fact that the number of moles of HCI and NaOH are given by the product of respective solution in dm’ ad 
their concentrations. 


Vol. of HCI in dm? = 52.0" 0.05 em? 
1000 
Concentration of HCI = I mol dm? 
So, number of moles of HCI = 0,05dm’x1moldm?> + 
= 0.05 se 
Similarly, the number of moles of NsOH.= . ~ 0.05.dm’ x 1.mole dm; | 
? = 0.05 E ee 
0.05 moles of each HCI and NaOH evolves heat =-27 . 
| moles of each HCI and NaOH evolves heat = aah , 
= “$45 | 
So, heat of neutralization is = -$4k mol a 
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enol! 


‘N,H, is burnt in bomb calorimeter. An inc 
en oe is 5.5 kJ kK". Calculate the quantity of hest “isc apriats 31 
mol of NzHa-_- 
jiven data: 
e vine of NaH =m=lg 
Heat capacity =S5.5kKIK'gt 
AT «= T)-T)=3.51°C=3.51K 
Requirement: 
0) Quantity of heat for 1 g=q=? 
Quantity of heat for 1 mole = q =? 


‘C is recorded. Heat capaci 
. f 
}» calculate the heat of combustion ot 1 


Solution: 
(i) q =cAT [when m= | g) 
q=5.5KWK'*x3.51K 

(Since heat is evolved so negative sign is used) 
q=-19.3 kJ 
To calculate heat evolved by one mole, 
Molarmass of NjH, =(14 x 2)+(1 4) 

=28+4=32g mol" 


(i) 


Asin Ist step . 
The amount of heat evolved when | gram of N;H, is bumt =-19.3 kJ 
‘The amount of heat evolved when 32-gram N,H, is burnt==19.3 kJ x 32g mol” 
= -617.76 kJ mol” 
(i) Quantity ofheat forig =-193kJ . 
(ii) Quantity of heat for 1 mol =-617.76 kJ mol" 


—eeae=@=<5$<$u$qCQqwuuuo SSS 
QS. Octane CyHis is a motor fuel. 1.80g of a sample of octane is burned in » bomb calorimeter baving beat 
capacity 11.66 kJK"'. The temperature of the calorimeter increases 21.36°C to 28.78°C. Calculate the heat 


of combustion for 1g of octane. Also calculate the heat for 1 mole of octane. 


Ams. Given data 
Mass of octane bumt * = 1.8g 
Heat capacity of calorimeter = 11.66 J K" 
Initial temperature, = 21.360 
Final temperature = 28.78. C° y 
Rise of temperature = 28.78— 21.36 i 
= 742 C=742K. , a 
Heat of combustion = 2 F 
Formula applied: 
Putting the values i 
q ' = -mxs* At i 
q = -18gx1L6KK* 742K 
q : = -155.73Kg 
Amount of heat evolved for | g of octane 
-155.73K 8" 


1.88 


i Chapter 7 (Thermo Ch, 
=~ 86.518 t 


Molar mass of octane 12x8+1 x 18= 964 18 


, 114g mot" 
; Amount of heat evolved for } mole of octane - 
; : = -86.51* 114 
f = — 9862.14 kJ mole" 


() NH yg) + 4g —> NH a9) 
(ii) HCl, + aq —+ HC lag) 


AH, = -35:16 kJ mol"! 
AH) = -72.41 kJ mol"! 


} Q16. By applying Hess’s law, calculate t 

} . he enthalpy change for the formation of an aqueo 

} from NH) gas and gas HCl. The results for the various reactions are as follows: rece eee or NG 
j Ans. Given data: 


i Gil) NH) + HC jag) —> NHiClagy AH; = -51.48 kJ mol"! 
i Requirement: 
! 
NH xg) + H€lg) tag —> NHiClg) AH; =? 
4 Solution: 


To get the required equation from the given data, added up equations i, ii and iii. ” 
() NHyq) + aq —> NHyaq) AH, = -35.16 kJ mol 
(ii) HC) + aq —+ HCligy 4H; = -72.41 kJ mol" 
(ili) NHyaq) + HC hag) —> NHsC hoa) AH; = -51.48 kJ mol" 
Py ; 


NHyy) + HCl) +aqg—> NHiClg) — AH = -159.09:kJ mol”! 
Enthalpy of formation of NH,Cl = —159,09 kJ-mol™ 


—eoeoeoeoeaeeoeoeoeeeeeeeeeeeeeeee——— eee 
QI7. Calculate the heat of formation of ethyl alcohol from the following information. 


Ans. Given-data: 
(i) Heat of combustion of ethyl alcohol: 
CpHsOH a + 3024) —> 2COx,) + 3H:0y AH'= -1367 kJ mol’ 
(ii) Heat of formation of CO;: 
Cy) + Ox) —> CO SH = -393.7 mol” 
* (iii) Heat of formation of H,0: 
Hyg) + 1/20x —> H20%) 
Requirement: 
Heat of formation of ethyl alcohol = ? 
2C yy + 3Hy) + 1/2044) —> CHsOH 
Solution: ‘ 
To get the required equation, multiply equation (ii) with 2.and equation (iii) with 3 and added them 


=. 


AH = -285.8 kJ mal” 


AH; =? 


(ii) 2C4) + 20x) —> 2COy) = AH = -393.7 x2 =-787.4 KJ mol”! 
(iii) 3Hag) + 3/203) —4 3 HO, AH = -285.8x3 = -857.4 kJ mo! 
(iv) 2Cyyt 3Hyg* 7/20q —> 2COxg)t+ 3 HO 4H = -1644.8kS mol” 
Now invert the equation (i) and add it'into equation (iv) along with their enthalpies. 
(i) 2COxg) + 3H}O(q) —> C2HsOH ip + 304) AH = +1367 kJ: mol"! 
(iv) 2Cyy+ 3Haygy* 7/2044) —> 2COig)+ 3H{O AH'= -1644.8kJmol™ 


2Cy) + 3Hyg) + 405) —> CpHsOH(y SH}= -277.8'KJ mol”! 
Thus the heat of formation ofethyl/alcoliol= -277:8'kJ' molt’ 


he heats of combustion of C,H,, H, and C\H, are — 
ae Tralste the heat of the following reaction, | > ”-2* “683, -372.8 k calories respectively, then 
CAH + 2Hiyy—> CHlyy  AHy= 2 
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data: 
Ae Get 


(CHa + 5/20 x15) —> 2COxy) + H:0, AH = -337.2 kcal mol"! 


(i) Ha + 40x) — HO 4H = -68.3 kcal mol ' - 
{ii) Catlay + 7/202) —+ 2CO ny + 3H: 0 AH = -372.8 kcal mol"! BS 
Requirement: & 
CyHyg + 2H —? C2Hay AH;=? — 

Solution: 
To get the required equation, in first step multiply equation (ii) with 2 and add it in equation (i) along with their a 
enthalpies. ; 4 
AH = -337.2 kcal mol x 


() CHa * 5/204) —> 2COxg) + H:04) 


(i) Hap + Ox) —? 2420 AH = -68.3x2 =- 136.6 kcal mol 


are eer ee ee ee ee ee : 

(iv) CHa» + 2Haig: 7/2049) —> 2CO ing) +3H0) AH=-473.8 keal mol! a 
In second step, invert equation (iii) and add it in equation (iv) along with their enthalpies. 

(iv) CyHag) + 2H2x4) 7/2044) —> 2COx9) +3H20) AH= ~473.8 kcal mot 

(iii) 2COx) + 3H2O,y —> CrHa) + 7/204) AH = +372.8 kcal mol” ~ * 


Ch baie Y » D> 


CHa + 2H) —> CrHg) AH; = -101 kcal mol" 


‘Thes the Enthalpy of formation of C,H, =-101 kcal mot" / 


Re 


sy 
ws ers” A 


Graphite and diamond are two forms of carbon. The enthalpy of combustion of graphite at 25°C is -393.51 
kJ mol and that of diamjjud is -395.41 kJ mol. What is the enthalpy change of the process? Graphite 
— Diamond at the same temperature. 
Aus. Given data: 
« ) Cogaphite) + O2¢5) —> COxg) AH = -393.51 kJ mol! 
(i). Cyasmongy + 024g; —> COn) SH = -395.41 KJ mol" 
Requirement: 
Cogrptite) —? Cdusmons) 
Solution: \ , 
To obtain the required equation, equation (ii) is inverted and then add it in equation (i): 


(1) Cygaphie) + On4)—? COng) SH = -393.51 Kd mol! 
(i) CO) —> Ory © Camo, AH = +395.41 KJ mol 


Qs. 


AH=? 


Cienphtey —? Cidamons)  SH= 41.9 KI mol. 


Thus the enthalpy change of graphite => diamond ='1\B\ 3 moi’ mu 


’ 
] 
} 


Q2ic, 
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Ht 
Q2U. If heat of Neutralization of HCI und NaOH is ~$7.3 kJ mol” and heat of neutral 


NuOH Is -85.2 kJ mor, calculate enthalpy of ionization of CH)\COOH? 
Ans. Given data: 


() Hi, + OH, + H,O, AH = -57.3 mol”! 
i) CH,COOH,,, +OH,, + H,0,,,+CH,COO%, aH ==$5.2 kd mol"! 
Requirement: 
CH,COOH,,,, + Hi, +CH,COO;, , 4H =? 
Solution: 
To’ obtain the required equation invert the equation (i) and then add it in equation (ii); 
() HO, + Hy, +OH:, 4H = +57.3 kJ mol”! 
(i) CH,COOH,,., + OH;,, + H,0,,, + CH,COO;,, AH=-55.2 kJ mol” 
CH\COOH 4 —> Hj, +CH,COO,,, AH = 2.1 kJ mol”! 
Thus theenthalpy of lonization of CH,COOH = 2.1 kJ mol” 


Using the information given below, calculate lattice ene 


of potassium bromide KBr, 


(i) Ky + “Bry —> KBr, AH = -392-kJ mol” Ky +% Br,, Pres KBr 
(ii) Ka, —> Ky, AH = +99 kJ mol” 
— aan = 42 rl 
GiNK,, ; Ki te AH = 420 kJ mol Step! aii: Siepy 
(iv) “Bry,, —> Bry AH= 112 kJ mol"! (aH) an 
7 4 Step IV - 
(y) Bry, + —> Bry) AH = -342' nto!” 816 aa a 
Requirement:~ sieaaten a ° : te 
eae =! kK, ——___,«} 
Ki. + Bry, > KBr | MHigee = 9 | Ke 7 
Solution: : 


The equation (i) shows the enthalpy of formation oF potassiuin’ bromide. According to Hess's law the enthalpy of 


formations is equal to sum of all the enthalpies along with lattice energy. 

BHy SS. * AHbance + SH, 

AHinne * AH, ~ AH, 

Where AH, is equal to some of all the given enthalpies to get AH, add equations (ii), (iii), (iv) and (v). 
(ii) Ky —> K,,, AH = +90 kJ mol"! 

(in)Ky, —> KY) re AH = 420 kJ mol! 

AH = 112 kJ mol” 

AH = -342 kJ mol 


(tv) ABry,, —> Bry, 


(v) Br, +¢ —> Bry, 


Ky) + 2Bryy —> K 3), + Br.) AH ~ 280 KJ mol”! 
MHie * = = AH, ~ AH, 
Ate = -392 - 280 
AH yuye © 672 kJ nol! 
Thus the lattice energy of potassium bromide = -672 kd mol 


ization of CHC 
OO} 
“hy 


potent CHEMISTRY - XI (Subjective) 
& 


EsamP When 2.00 moles of H; and 1.00 molaof Oy wt 100°C und 1 torr 


2H, (8)+O, (g) —+2H,0(g) 
“The enthalpy change for one mole of water vapours is 
~484.5k) 

2 moles of H,O 
The minus sign, shows that the reaction is exothermic for the production of | mole of water, 
(yr T° ‘euiculate AE from OH; we use the equation (4) 

4H = OE + PAV 

Let us, first calculate the value of PDV using the ideal gas equation 
PV = aRT 


AH= =-242.2k) mot" 


Or PAV = AnRT 
Now, An = No. of moles of the products - No. of moles of the reactants 
7 2 moles — 3 moles = -1 mole 
R= ——-B314) K! mol 
F = 373K 
PAV = AnRT naeree (6) 
Pav = -1 mole x 8.314) mol K" « 373.K 
Pav = -3100J = -3.10kJ 
This is the value of 2 moles of water. For the formation of | mole of ater, 
-3.1 


PAV = = -1.55k/ mol” 


On substituting, these vales into equation (4): 
4H" = — AE+PAV 
4E 0 = AH - PAV 
= -242.2 - (-1,55) = -242.2 + 1.55 
SE = -240.6kJ mol! 


*aample 2: POUR AULE Dee 25°C raised the temperature 
o A ‘ M “Vat 25°C rar 
Neutralization of 100 cm’ of 0.5 M NaOH at 25°C with 100 cm’ of 0.5M HC 1 KC: 


Lithe reaction mixture to 28.5°C. Find the enthalpy of neutralization Specific heat of wales 2° T 6s 


Solution: 


___ Specific heat of water, so UK '! a aes 
Densiiy of HO is around L gem", so2 dem’ of total ».': + onimmatels 


= 2002 


Hlefice, toial mass of the reaction mix’ . - 
85-2508 3SC 8 ISK 


ise in temperature, AT 
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100cm’ of 0.5M NaOH = 100cm’ of 0.5 M HCI 
0.5 m solution means that 1000 cm’ of solution has 0.5 motes of solute 

So 100cm’ of 0.5 M solution = 0.05 moles of HCI and NaOH, respectively 
Amount of total heat evolved,(q) =m xs = AT 


= 200g x 4.2g' K' x 35K = 2940) 
= 2940) = 2.941 
Since, the reaction is exothermic 
So, q =1-2.94k) ‘ 
When this heat is divided by number of moles, then AH,’ is for one mole 
Enthalpy of neutralization, (AH’,) = a =-58.8kJ mol” 


0.0Smo! 


ee :?:3.3. wooo 
Example (3): 
10.16g of graphite is burat in a bomb calorimeter and the temperature rise recorded is 3.87K. Calculate the 


enthalpy of combustion of hite, if he heat ca) of the calorimeter (bomb, water, etc.) is 86.02KJK-! 


Aas. Given Data: : 
Heat capacity of bomb calorimeter = 86.02kJK—! 
Rise in temperature = AT = 3.87K 
Mass of graphite = m = 10.6gram 
Required: 
Enthalpy of combustion = AH? =? 
Solution: 
Heat gained = q=c x AT 
= 86,02KJK~! x 3.87K 
= 332.87K) ‘ 
This heat is evolved by buming 10.6g’of graphite. 


: Massof graphite 
Number of mole of graphite Aumaieinassof 77 


10.68 ~ 0.843 mol 
12g mol 


332,89kI 
0.843mol 


Hence, enthalpy of combustion of graphite per mole = 


= 395kJmo!" 
Since heat is evolved during combustion, so the sign of the answer would be. negative 
AH? = -395kJ mol” 


Important Previous Board Questions 


iQ. How do we determine the AH in the laboratory:for food, fuelletc.? 
.Q. | Justify that heat of formation of compounds Ts sum of all the other enthalpies. ess 
a. The total energy of a system is the sum of translational, rotational and vibrational motions. Justify rt 
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CHEMICAL EQUILIBRIUM 


s ¥A chemical reaction in which products of a reaction can react to form the original reactants under the same set of 


conditions is called a reversible reaction.” 3 


which takes th directions i.e. forward and reverse under same conditions is called 


A+B —=——=—C+D 
Reactants Products 


Representation 
It is represented by writing a double arrow ( == ) between reactants and products. 
important points 
e Areversible reaction can never go to completion. 
© Usually tt¢an be carried out in a closed vessel. 
+ Inreversible reaction, equilibrium state is the ultimate goal/fate. 


Examples 
1 Hay + hy ES 2H 
2 Nagy + 3Hae) —— 2NHyy) 


3. CH\COOH aq) + CHsOH gy S=* CHsCOOC: Hyg + HQ 
u. (a) Explain the terms “reversible reaction” and “state of equilibrium.” 


ltteversible Reaction 


“A chemical reaction in which products of the reaction do not react to form the original reactants under same 
Conditions is called irreversible reaction,” 

; or 
“A chemical reaction which takes place in one direction only under same conditions is called irreversible 


reaction.” 
, A+B——+>C+D 
: Reactants Products a 
Representation : 
im eats soresemed by.an arrow (——? ) from reactants to products. : 


‘ irre m 
. Wnireversible reaction, the reaction goes to almost completion. 


: Nyse stio sign of equilibrium state. 
tee” be carried out in open or closed vessel. 


2Naqy + 2H;O ——? 2NeOHeww + Haw ~~ 


Sua. 
2H) + Ors) aan 24:00 


— 


—— 
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bi achieved by reversible chemical reaction in which the forward and reverse 


TT to Is or 
Characteristics 3 
(1) When the equilibrium blistied at a dk temperature, the concentration (amount) of reactanty 
products becomes con ST Sree Nate ce id) 
(ii) The equilibrium state can be achieved from either direction. 
The equilibrium state cannot be attained in an open vessel, p01 Beaton 
CM) ~The vatue of equilibrium constant (K,) does not depend upon initial concentration of reactants. Ad 
ww) A catalyst does not change the equilibrium state of a reaction. ‘ 


Reversible reaction and state of equilibrium 

Let us consider a general reaction to produce C and D. 

A+B qm C+D 

Suppose that all the substances are in gascous state, Let the 
initial concentrations of A and B be equal. As time goes on, 
concentrations of A and B decrease, at first quite rapidly but later slowly, 
Eventually, the concentrations of A and B level off ‘and become constant. 
The graph is plotted between time and concentrations for reactants and 
products, 

The initial concentration of C and D are zero. As time passes the 
products C and D are formed, Their concentrations increase rapidly at 
first and then level off. At the time of equilibrium, the concentrations 
become constant. 

Example 

Consider the example of a reversible chemical reaction between 
hydrogen gas and iodine vapours to form hydrogen iodide at 425°C, At 
equilibrium three components will be present. in definite proportions in 
the reaction mixture, ee i 

The equilibrium is established when the.rising curye.of product. «,. : 2 
Hi-and the falling-curve of reactants{H3} ‘and'{13) become parallel:to time = 
X-axis. State of dyna 


action and state 


° 
of equilibrium 


pa 2HI,, 
The.same equilibrium mixture is obtained irrespective whether the reaction starts by mixing hydrogen and iodine 
or by decomposition of hydrogen iodide. The-situation Suggests two possibilities ofthe state of reaction at equilibrium. 
(i) All reactions cease at equilibrium so that the system becomes stationary. 
(il) The forward and reverse reactions are taking place simultiineously at exactly the same rate, It is now universally 
accepted that the later conditions prevail’ In m reversible:teaction at equillbelurt stage of reaction. It is known a 
the state of dynamic equilibrium, t 


= a—™ 
REVEraTle reactions pttaln the position of equlistum whleliayfiamig in nature angi static Boil 
— ee 


Reversible reaction as 
“Those lon hich products can reform the original: reactants under same ‘experimental conditions # 
called reversible reactions. 


Achemical equilibrium state thy reversible reastionides-stese where the rate of forward reaction becomes -— 
to rate of reverse reaction. This show lace na réaction are.teking place simultaneously and 
Stop thus equilibrium is dynamic not static; . : 

If It would be static ai! type of reactions would stop, 


My Tay 


é —' 
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ean do rates of forward reactions slow down when a 


os. (0) reversible reaction approaches the equilibrium stage? 

cording to law of mass action, the rate of reaction Is 
portional to the products of concentrations of rea ants, 

‘As the reactants go on decreasing with the passage of time, the 
rate of rection also slows down near the equilibrium, 7 
(iparatert effective collisions of reactants is Greater so a sharp 
decrease of concentration or steepness of slope of Braph is 
observed. With the formation of products, hindrance Is created 
for effective collisions so rate of reaction is decreased. 


Reversible reaction and State 
of equilibrium 


When a graph Is plotted between time on x-axis and the concentration of reactants and products on Yranis for 
a reversible reaction, the curves becomes parallel to time axis at a certain stage: 


‘At what stage the curve become Parallel? 


a6. 


) 
in. Ina reversible reaction, the concentration of reactants.and Products become constant at equilibrium stage but 
the reaction does not stop. Therefore, at the equilibrium stage the curves of the concentration of reactants and 
products become parallel. 


¥: 


(0) _ Before the curve become parallel, the steepness of curve falls 


Ans. At the beginning of the Ible reactions, the concentration 
of the reactants decreases and Concentration of the product 
Increases rapidly. As a result of this two curve show greater 
steepness but as reaction approaches to equilibrium stages 
both rate of forward and reverse reaction become slow 
according to law of mass action. Due to this, near the 
equilibrium point the Steepness of the curves fall before 
becoming parallel to x-axis, 


Reversible reaction and state 
of equilibrium 


: / 
() The rate of decrease of concentration of ‘any of the reactants and’rate of increase of concentration of any of 
the products may or may not be equal, for various types of reactions, before the equilibrium time. Explain it. s 


Ana, 


When no, of moles of reactants and products are equal, then rates of increase and decrease of products and 
reactants are equal. But when no. of Moles ina balanced chemical equation are different then rate of change of / 
concentration of a species will be different from other, eg., f 

N,O, were 2NO, 9 
Speed Of rising:curve is Greater than falling curve in the said reactions as number of moles of products are K 
Sreaterthan number of moles of reactants, 


lain the Law of mass action and derive the expression for the equilibrium constant (K,). 


Iroduetion 


bri @ of dynamic equilibrium hel ine th ition of reacting substances and the products at 
m, | ps to determine the composi 
tan lum, We se the relationship which was derived by C.M.Guldberg and P. Waage in 1864. 

ane : 


tema 
qe Tat@:at Which the reaction proceeds ls directly proportional to the product of active masses of 
Feactants,” 
‘em 
j 


- ts for a dilute solution 
The term Active mass represents the concentration in mol dm”? of the reactants and products fo 


t 
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» Consider a general reaction in which A and B are the reactants and C and D are the products. The react 
represented by following equation: al 


ke 
A+B em C+D 
k, 

The equilibrium concentrations of A, B, C and D are represented in square brackets {A} [B) IC) ang 
respectively. They are expressed in mol dm”. According to law of mass action, rate of forward reaction is Propetiong 
the product of molar concentrations of A and B. ‘ - * 

Rate of forward reaction (R,) « [A] [B] 
Re= ke[A] [B] 

Where k; is the proportionality ‘constant and is called rate constant for forward reaction. 

Similarly, rate of reverse reaction is given by: 
Rate of reverse reaction [R,| < (C] [D] 
R, = k{C] [D) 

Where k, is Proportionality constant and is called rate constant for backward reaction. Remember that C and Dire 

the reactants for backward step. 


At equilibrium state. : 
Rate of forward reaction = Rate of backward reaction 
Ry =R, , 
ke[A] [B] =k, [C) [D] 
ke, (CIID) 
k, [A][B} 
Bee 
pao 
x 7% 
= (CID) 
(A][B) 
Definition of k. ( 
(i) “Itis the ratio between rate constant for forward reaction and rate constant for reverse reaction.” 
. or 


Rate constant for forward reaction ak 

Rate constant for reverse reaction —k, 

(ii) “It 4s. the ratio between product of concentration of products and product of concentration of 
feactants.” 


K= 


k, = (products) 
{reactants} 
For more general equation ae 
0A + bB eee (C+ dD 


where a, b, c and d are coefficient of equation and represent number of moles of reactants and products, They are nub 
of moles of A,B,C and D respectively. 2 : 
x, = /ce(py 
(ayy ast! 
It shows that the coefficients in the equation appear as exponent of the terms of concentration in the equilibrium ¢ 
expression 
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of Equilibrium Constant (K,) 

rset of moles of reactants and products are equal, then K, has no units. 

CHi;COOH pa) + C2H:OH (a) == CHsCOOC Hay + H: 0 


| mol I mol I mol 1 mol 


'H,O) Idm” . iis 
[CH,COOC,H,][H,O} _ mol dm” . mol dm testis 


tS [CH,COOH][C,H,OH] — mol dm” . mol: dm® = 
e Hay) + hy <== 2H 
«i Imol 1 mol 2 mol 

_ (HI? = __(mol dm”)? 


* [Hz ]0;) (mol dm mol dm?) — 7 Units 
2. Ifthe number of moles of reactants and products are not equal. 
Naw + 3H) ———= ZNHys) 
4mol 2 mol 
= (NH, _ [mol dm??? 
Ke INMH,P (mol dm? [mol dm>p 
(i) PClsq) SE PClyy + Clay 
Equilibrium constant for this reaction: 
= (PCICI,] _ [mol dm™]{mol dm”) a poaes 
(PCI) [mol dm>} mele 

Q8. (a) Write down K, for the following reversible reactions. Suppose that the volume of reaction mixture in all the 

cases Is ‘V' dm’ at equilibrium state. 


a" 


= mol? dm* 


Cquilibrium Constant Expression For Some Important Reactions 


() Formation of Ester from an Organic Acid and Alcohol (aqueous phase reaction) 
H,0° 
CHyCOOH ag) + CzHsOH oq) Se CH\COOCH jag) + 1040) 
Acetic acid thy! alcoho! Ethyl! ecetane wer e 


Let us suppose that ‘a’ moles of CH;COOH and ‘b’ moles of C,HsOH are initially taken in a vessel in the 
Presence of small amount of a mineral acid as catalyst. 
The progress of the reaction can be studied by finding out the concentrations of acetic acid after regular intervals. A very 
‘mall portion of the reaction mixture is withdrawn and the concentration of acetic acid is determined by titrating it against 
* standard solution of sodium hydroxide (NaOH). The concentration of acetic acid will decrease until the attainment of 
Sate of equilibrium, when it will become constant, At equilibrium stage, ‘x’ moles of ester and ‘x’ moles of HO are 
pitoced. The number of moles of acid and alcohol left behind are ‘a-x’ moles and ‘b-x’ moles respectively. If the 
‘Ume Of reaction mixture at equilibrium stage is ‘V' dm’, then 
CHsCOOH yay + CzHsOH jig) ee CHjCOOC Huy) + 1201 
t=O sec, ‘a’ moles ‘b’ moles —m=® ‘o’ moles ‘o’ moles 
te hq (a-x) mol (b-x) mol <=» ‘x’ mol ‘x' mol : 
Regu” Wmber of moles are divided by total volume of the reaction mixture, we get concentration of each species 
“Swilibrium stage in moles dm”, 


(252 )motdn™ + (222) ota? —= (=}motan* + (=) motam 2% 
v v 


_ [CH;COOC;Hs}H0] 


[C,H,OH][CH;COOH) 


i 


Kk, = > 


(4-xKXb=x) 
In this expression of K,. the factor of volume is cancelled out. So, the change of volume at equilibrium SOE does 
not affect the K, value or equilibrium position of reaction, 
(il) Dissociation of PCI, (gaseous phase reaction) 
The dissociation of PCI. into PCI, and Cl; is a well-known homogeneous gaseous phase reaction. This Teaction 
has unequal number of moles of reactants and products. 
PCle) emmmet PCliy) + Clay, 
Let ‘a’ moles of PCl, present initially are decomposed by *x* moles, So, at equilibrium stage, 
‘a-x’ moles of PCI. are left behind while ‘x’ moles of PCI; and ‘x’ moles-of Cl; are produced. If the volume of 
equilibrium mixture is *V'dm', then 
PChyy, moment PCIay, + Chay, 
t=Osec ‘a’ moles ‘0° moles ‘0’ moles 
=t, (a-x) moles ‘x’ moles *x’ moles 
Dividing the number of moles by total volume of reactants and products at equilibrium 
(a 


§=* \mol dm ‘(Em dm” (3 )mot dm? 
v) V AW 


Since K, 


The final expression depends upon the factor of volume. So, the, change of volume at equilibrium stage disturbs 
the equilibrium position of the reaction. 
(Ill) Decomposition of N,O, (gaseous phasereaction), 
For the decomposition of N,Ou,, the expressionof Ky involves the factor,of volume. 
NOx) mmm QNOry: 


4 Onec ‘a’ mol 0" mol 
1 hey (a= x) mol 2x mol 
/ 
oS mol dm * (ay mol din * : 
NG. : 
K; 
**1N,O.] 
>)! 
Vv) 
K= 
fa-x) 
\ Vv) 


s 
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(ons 


isthe initial number of moles of N,O,, ‘x’ is number of moles of N,O, decomposed and *V’ is total volume 
ial NO; at equilibrium stage. 
df wa of ammonia (gaseous phase reaction) 


jw 
2 Noy + 3Hayy) em 2NHiy) 
20sec ‘a’ mol = ‘b’ mol ‘0’ mol 
BG (a-x) mol (b—3x) mol ‘2x’ mol 


o{ b-3x 4 {2x ~ 
mol dm ( Vv )mot dm (2) mot am 


NAT : 
ince, Ko =e y 
. [N-Js] 
(2x/V)? 
Ke (a-x/V\b-3x/V) 
k 4x7V? 


(a-x)b-3x)’ 


Where ‘a’ and 'b’ are the initial number of moles of N; and Hy and ‘x’ is the number of moles of N2, decomposed 
w equilibrium stage, “V" is the total volume of N, H; and NH; at equilibrium, The final expression involves V° in the 
sumerator. 


Qs. (b) How some reactions are effected by volume at equillbrium stage? 


hs, (I) If reaction mixture is in gaseous state then at equilibrium if volume is changed it will effect the 
equilibrium 


(ii) If numbers of moles of reactants are not equal to number of moles of product then those gaseous 
reactions are effected by volume change at equilibrium 
For Example: 


() PCIgg) ==" PCly eg) + Cla) 


(tW) Naiy) +3Ha(g) = 2NH yyy) 


betw 


elationships 


Equilibrium Constants 
The expression of equilibrium constants depend upon the concentration units used. 
Mottly the concentrations are represented In mol dm”, Let us consider the following reversible reaction 
8A + DB qq cC + dD 
wl a cic 
*“TARIBE ~ Cy Ch 

Xela “TH ire Brackets ri the coneeniatfon Of ipactes tiroten dim®. Anyhow, the capa! C lv also used for 
tn 6 = rs" 


r) ra Of gater, the molar concentration of auch gas " proportions to its partial pressure, When the concentrations 
In terms of partial pressures, the-expression of K, is, 
t ond 
K.= 


PA Pb 
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Here pa, pa, Pc and pp are partial pressures of A, B, C and D respectively at equilibrium position. 
(iii) Some other equilibrium constants are as follows: 


Relationships between K. and K, Ps 
As long as the number of moles of products and reactants are equal, the value of K, and K, remain the 
Otherwise, the following relationship between K, and K, can be derived by using Dalton’s law of partial pressure, 


kK, = K, (RT)* 
Where, An = number of moles of products - number of moles of reactants 
An = np- ng 
R = general gas constant = 


T = absolute temperature . 
Case1 : 
If the number of moles of products and reactants are equal i.e. An=0 
Example Hayy + hy) == 2Hk,, 


nr = 2 mol np = 2 mol 
An=0 
K, = K, (RT) 
K,=K. 7 


Those reactions having same number of moles of reactants and products contain equal value for K, and K,. 


Case2 
If the number of moles of products are greatér than reactants ie. An=-+ve 
Example PCisig) mM PClyig) + Clrigy 
Ng = | mol np =2 mol 
4n =2-1=1! mol 
K, =K.(RT)” 
In this case: K,>K, 
Case3 
If number of moles of products are less than that of reactants ie, n= =e. oS Te RT 
Example Nay) + 3Hyy) eo 2NH 5) “ : The [aa Nex SSDS 6 
Na = 4 mol np = 2 mol 
An=2-4=-2 mol 
2 K,=K,(RT)” 
In this case: K, <K, 
epee Ee 
Q7. (a) Give relationship of K, & 4 for following = 
9A + DB qq cC + dD 
Prodi 
_~ LProdvets] (eroy 
[Reactants] (a}*(By” 
Ky = K(RT)” 


oS 
o 
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An = no. of moles of P — no. of moles of R. 
(c+4)- (a’+ b) = y moles 
kK, = K.(RT)’ 


so 
Jaca re 


NHy Ny + 3H; << ANH, 
« , (NH? } 

Ter IN) 

kK, = KART)” 

K = K(RT)? as [4n=2-4=-2] 
0 Value of K, < K, 


w Dissociation of PCI, 
=— PCl, ==> PCI, + Cl, ‘ 


Cy 


~ (PC ICH) 
[PCs] 
Ke = K(RT)" 
kK, = K(RT)’ as An=2-1=1 


Sovalue of K, > K, as itis obtained by multiplying K, x RT. 


Explain the following two applications of equilibrium constant. Give examples 
(1) Direction of reaction (Il) Extent of reaction 


Applications of Equilibrium Constant 


1. Direction of Reaction 


We know that 
_ (Products) 
[Reactants] 
The direction of a chemical reaction at any particular time can be predicted by means of [Products] / (Reactants} 
ratio, calculated before the reaction attains equilibrium. The value of [Products] / [Reactants] ratio leads to one of 
the following,three possibilities. 
Hfratlo ls greater than K, 
Products 
[Reactants} >k 
Inthis case, the reverse reaction will occur in order to attain equilibrium. 
'fratio ts less than kK. 
Products} 
(Reactants] < ; 
This implies that more of the product is required to attain the equilibrium, therefore, the reaction will proceed in 
direction. 
tfratiots equal to K 


K= Products 


[Reactants] * 
Then the reaction is at equilibrium 


(for any reaction) « 


Q. Why 0, is unstable 
than 0,? 
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2. Extent of Reaction 
(a) Very large K, value: 
If the equilibrium constant (K,) Is very large, this indicates that the reaction. is almost complete, 
Example: Equilibrium constant for the decomposition of ozone to oxygen is 10° at 25°C. 
20 yy) 303, K,= 10" at 25°C 
It infers that at room temperature, Os is unstable and decomposes very rapidly to O}. This reaction jg Uno 


Ifthe value of K, is very small, it reflects that the reaction does not proceed appreciably in the forward direction 
Example: The value of equilibrium constant for the decomposition of HF at 2000°C is 10°". 
2HF,,, emt Hay) + Fay) Ke = 10° at 2000 
It indicates high stability and slow decomposition of HF, even at 2000°C, > 
{¢) Ke value neither large nor small z 
If the value of K, is neither very large nor very small, it shows that both reactants and products,ere equally Strong 
Example: CHsCOOH ag, + C3HsOH (a, ments CHiCOOCHHY,5)  FOG-K. = 4 - 
3. The effect of conditions on the position of equilibrium 
Equilibrium constant and position of equilibrium are two different entities. 
© —K, is equilibrium constant and has constant value at a particular temperature, 
© The ratio of products to reactants in equilibrium mixture is called equilibrium state. tt can change if the extemal 
conditions like temperature, pressure and concentrations are changed. 
¢ If K. is large, then position of equilibrium lies on the right and ifit is-small then the position oflequilibrium lies on lef 


n¥ Of redctahts and products.“ *'* sd 


© Kisaconstantlor.s partuicular-ceaction at.a particula?teriperature age to Ne, roe1.0 Ui} 

© Kis unaffected by changes.in concentration or pressure and by the ZOgHON oF ARE pata lyat but Varies wie 
temperature. > Ww 

°K, can be calculated from the equilibrium concentrations of the reactants and products. 


HE LE-CHATELIER’S PRINCIPLE 
Statement . : 


“If a stress is applied on asystem at equilibrium, the system acts:inisuch a way so as to nullify, as 
far as possible, the effect of that stress.” Peg ’ : 
The system cannot completely cancel the effect of change, but will minimize it. The'Le!Chatelier's principle has 
wide range of applications for ascertaining the position and composition of the physical and'chemical equilibriy. 
(a) Effect of Change in Concentration 
In order to understand the effect of change i> ~-ncentration on the reversible reaction, consider the reaction 
which BiCl; reacts with water to give a White insoluble compound BiOCt (artificial mitk). 
BiCl; + H,O ———= BiOCI + 2HCI 
The equilibrium constant expression for the above reaction can be written as 


BiOcI][ HCI)’ 
K= 
[BicI, J[H,0} 


Aqueous solution of BiCl; is cloudy because of hydrolysis and formation of BiOCh: If a ymount of HCI 
We dat small a a, 
added to the solution, it will disturb the equilibrium and force the system to move in such away that eflect of addition 
a 8 minimized. The reaction will move in the backward direction to restore the equilibrium again and « :lear soul 
will be obtained. However, if water is added to this solution, the system will move in the forward direction a” | 


solution will aysin become cloudy, The shittin oti for: ifécti isturbing 
a ; 8 Of reaction to forward and ction by disturt 
4 Mafoncentnation is just according to Le-Chatelier's principle and backward diféction by 


4: a29 
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nelusion of a substance among the reactants or'the removal of' a substance among the prod i 
o Ae equilibrium position and-reactton is shifted to forward direction, Similarly the madd of aioe 
gage 38 ducts or the removal of a substance among the reactants will derived the equilibrium towards the backward 
non the Aoving one of the producté formed can therefore increase the yield of a reversible reaction, The Value of K, 
dieton mains constant. 
tect of Change In Volume or Pressure 

(we The change m pressure and volume are important only for the reversible gaseous reactions where the number of 
oles of reactants and products are not equal. 


le 
HAP, 2803p + Orig SM 280s 
This gas phase reaction proceeds with the decrease in number of moles and hence decreases in volume at 

(librium stage. ‘When the reaction approaches the equilibrium stage, the volume of the equilibrium mixture is less than 
volume of reactants taken initially. If one decreases the volume further at equilibrium Stage, the reaction is disturbed. 
al move to the forward diréction to minimize the effect of disturbance. It establishes a new equilibrium position while 
K.remalns constant. The reverse happens when the volume is increased or pressure is decreased at equilibrium stage. 
note : . 

Ifthe pressure is increased in # reaction having unequal number of moles of reactants and products then the 

reaction will move in that direction where the number of moles are less. | 

(¢) Quantitative Effect of Volume on Equilibrium Position 

(synthesis of SO,” 

The quantitative effect of change of volume. or pressure can be inferred from the mathematical expression of K, 

for SOy,) synthesis. 

2804) + Ory) === 25804, 
4x2V 
*" (@-2xy7'(b-a) , 

Where, 

+ VW" isthe-volume of reaction mixture at equilibrium stage. 

* ‘a’ and*b’ are the number of moles of SO; and O; present initially. 

* ‘x’ are the number of moles of oxygen reacted at equilibrium: 

According to the above equation, when volume is increased, then “x’ has to be decreased to keep K, constant. The 
decrease Of"*x" shears thiat the reaction is pushed towards backward direction. From the amount of the increase in volume, 
= ean calculate the amount of x’ which hus to be decreased to keep K, constant. 

Similarly, by decreasing the volume (increasing the pressure), the value of K, will increase. In order to keep the value of 
most the reaction will move-in the forward direction, 
WW) Dissociation of Pci, RTA : 
PC| Ih the same way,eftect of change of pressure on the equilibrium position can be explained for the dissociation of 
s. This is homogeneous gaseous phase reaction. 

442 PClap) <== PChy,, + Chr 

K, for this reaction is, 


Ky tS 


“ (@-x)V 
W) Dissociation of NiO, 


N30 4,y) see 2NO2y, 


K, for this reaction is, 
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Conclusion 
In the dissociation of PCI; and N,O,, the factor of volume is present in the denominator. The reason is th 
number of moles of products are greater than those of reactants. So, increase in pressure will decrease the.'x’ to kee, the 
value of K, constant and the reaction will be pushed to the backward direction. The equilibrium position is disturbes but 
not the K, value. is 
Exceptional Behavior 
© Those gaseous reactions in which number of moles of reactants and products are same, are not affected iby change i 
pressure or volume. e . 
The reactions in which the participating substances are either liquids or solids, are not affected by change:in pressure 
or volume. 
(d) Effect of Change in Temperature 
Most of the reversible chemical reactions are disturbed by change in temperature. If we consider heat as 9 
component of equilibrium system, a rise in temperature adds heat to the system and a drop in temperature removes heat 
from the system. According to Le-Chatelier’s principle, a temperature increase favours the endothermic reactions 
and temperature decrease favours the exothermic reaction. 
For exothermic reactions 
_ The equilibrium constant changes by the change of temperature, because the equilibrium position shifts without 
any substance being removed or added. 
CO + HO) <== COxy + Ha» AH = -41.84 kJ mol ' 
© At équilibrium stage, if we take out heat and keep the system at this new lower temperature, the system will readjust 
itself, so as to compensate the loss of heat energy. Thus more CO and HO molecules will react to form CO, and H, 
molecules, thereby, liberating heat because reaction is exothermic in the forward direction. It means by decreasing 
temperature, we shift the initial equilibrium position to the right until a new equilibrium position is established. 
© On the contrary, heating the reaction at equilibrium will shift the reaction to the backward direction because the 
backward reaction is endothermic. 
For endothermic reactions 
Kly => Kliay ‘ siti 
Let us have a saturated solution of KI in water at given temperature. It has attained the equilibrium position. Now 
a rise in temperature at equilibrium favours the reaction to shift to the forward direction. On the other hand, decrease in 


temperature favours the reaction to shift towards the backward direction. 
Effect of temperature on Solubllity 

Le-Chatelier’s principle helps us to understand the et 
Those substances, whose heats of solutions are negative, decrease 


AH =21.4k) mol" 


fect of temperature on the solubility of different substances. 
their solubility by increasing temperature. ¢.8- LiCl 


LiyCO; etc. 
¢ Those substances, whose heats of solutions are positive, increase their solubility by increasing temperature. ¢-8 Kl, 
Na)B,O; (Borax), KNO; etc. f Le sniad 
e For some salts, the heats of solution is close to zero (heat is neither evolved nor absorbed). The solubility of 


salts in water is not affected by the change in temperature. ¢.g. Formation of aqueous solution of NaClis an example 


of such a salt. 
(e) Effect of Catalyst on Equilibrium Constant P 
In most of the reversible reactions, the equilibrium is not always reached within a suitable sho 
appropriate catalyst is used. wal 
© Accatalyst does not affect the equilibrium position of the reactions. It increases the rates of both forward and back 
reactions and this reduces the time to attain the equilibrium state. 
© A catalyst lowers the energy of activation of both forward and reverse steps by giving new pa 


rt time. So #” 


th to the reaction. 
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Change , __ Type or part of system 


Effect on equilibrium 
Pressure 
Shift to left 


If there are more 
increasing moles.of 


gaseous products than 
reactants. pee ReOUS 


If there are more moles of 
gaseous reactants than ga: 
Products. eee 


Shift to night 


Temperature If AH" onwas eecson !S POSitive, 
increasing i.e. the forward reaction 
is endothermic. 


Shift to right 


lf AH poiertrscion'S Negative, 
i.e, the forward reaction 
is exothermic. 


Shift to left 


Concentration of reactants 
increasing of products 


Shift to right 
Shift to left 


Catalyst added No effect 


Qio. Explain the following with reasons: 


(a) The:change in volume disturbs the equilibrium positio: 
SeEbMunt constant positions for some reactions in gaseous phase but not the 


Ans. i) If reaction mixture is in ium i 
gaseous state then at equilibrium if vol i 
ad ; qt lume is changed it will effect the 
(ii) If number of moles of reactants are not equal to number of moles of product then those gaseous 
reactions are effected by volume change at equilibrium 
For Example: 
{i) PCI; g) = PCI 34g) +Claig) 


UH) Nagy +3Hy¢g)==2NHyQq) 
) 


The change of temperature disturbs both equilibrium position and constant of reaction. 


Ans, 
rt change of temperature disturbs both value of K, ad its equilibrium position because change in temperature 
ch nges heat contents of reaction mixture without Changing concentration of reactants and products so with a 
‘ange in position of equilibrium with temperaturg value of K, is also changed 


Ans, 
The solubility of glucose 
CoH 20g) = CoH 20) a 


According to Le-chatelier’s principle, an increase in temperature fayours endothermic reaction. When 
temperature of the gluce “e solution is increased, the reaction Moves int irection. Hence, the 


Solubility of glucose incre _ with the rise of temperature. 
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Q14. In the equilibrium: 


Pcl, <== PCI 


ee “1 
gay * Clagy AH = 90kJ mol 


What is the effect on? ° 

(a) the position of equilibrium 

(i) temperature increased 

(iii) catalyst is added 

Explain your answer. 
eee 


Ans. Equilibrium of: 


(b) equilibrium constant? if 
(ii) volume of the container Is decreased 
(iv) chlorine is added 


PCly,, = == PCy) + Clggy AH = 90kJ mol” 
(a) Position of equilibrium (b) Equilibrium constant 
ft re 
(i) Temperature is increased: Temperature change will affect both equilibrium position and equilibrium constant. 


This 1s endothermic reaction, the increase of temperature shifts equilibrium positon in forward direction to re- 
establish equilibrium. Hence, the value of K, increase. 


(ii) Volume is decreased: The volume change affects equilibrium position only. When volume is decreased, reaction 
moves in backward direction to establish equilibrium again. 


Since equilibrium constant has a constant value at a particular temperature, it is not affected by change in volume. 


(iii) Catalyst is added: Catalyst has no effect on the equilibrium position and equilibrium constant. When catalyst is 
added at equilibrium, it enhances both the rates equally. Hence, equilibrium is not affected. 


(iv) Chlorine is added: The addition of a substance at equilibrium affects the equilibrium position only. Equilibrium 
constant remains the same. 
When Cl, is added at equilibrium, the conc. of products increases and equilibrium position is shifted in backward 
direction 


Applications of Chemical Equilibrium in Industry 
Synthesis of ammonia by Haber’s process 

The process of ammonia synthesis was developed by German Chemist F, Haber and first used in 1933. 

Nag + 3H24g) === 2NH4q) AH = -92.46 kJ 

This process provides an excellent setting in which to apply equilibrium principle and see the compromises 
needed to make an industrial process economically worthwhile. - 
Ways to maximize yield of ammonia 

Using Le-Chatelier’s principle, one can have three ways to maximize the yield of ammonia. 


(i) By continual withdrawal of ammonia after intervals, the equilibrium will shift to forward direction in accordance 
with Le-Chatelier’s principle 


(ii) Increase the pressure to decrease the volume of the reaction vessel. Four moles of the reactants combine to give two 
moles of products. High pressure will shift the equilibrium position to right to give more and more ammonia. 


(iii) Decreasing the temperature will shift it to the forward direction accarding to Le-Chatelier's principle. 


So high pressure, low temperature and continual removal of ammonia will give the maximum yield of ammonia. 
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of Temperature on K. 
shows that for the regular increase in temperature the value of 
He creases irregularly. Tit «10% 
‘raph cal representation of temperature and pressure for NH, cme i 


atest 


17218 
453 «10° ~ 
296 « 10" 
3.96 « 107 


- TTT Temperature (C) 
Graphical representation of temperature 
and pressure for NH, synthesis 


A graph is plotted between percentage yield of ammonia vs. temperature at five Operating pressures. At very hi 
4 . . h 
and low temperature, the yield of NHs is high but the rate of reaction is very low. Indurial conditions pis 
tycircle are between 200 and 300 atmospheres at about 400°C. 


Explanation 
No doubt the yield of NH; is favoured at low temperature but the rate of its formation does not rer 
Dt M main favourable. 
The rate becomes so slow and the Process is rendered uneconomical. To optimize the yield and the rate the temperature is 
nised toa moderate level and a catalyst is employed to increase the rate. If one wants to achieve the same rate without a 
catalyst, then it requires much higher temperature, which lowers the yield. 


Optimum conditions 
The optimum conditions for the above reaction are: 
* Temperature: 400°C (673 K) : 


' Pressure: 200-300 atm 
f Catalyst: : pieces of iron crystals embedded in a fused mixture of MgO, Al;O; and SiO), 
Distillation of ammonia ; 

The equilibrium mixture has 35% by volume of ammonia. The mixture is cooled by refrigeration coils until 
rah it csotieses (B.P = -33.4°C) and is removed. Since, boiling points of nitrogen and hydrogen are very low, they 

Had *BAsCOUs state and are recycled by pumps back into the reaction chamber 

le importance 

Nearly 13% ‘of-all nitrogen fixation on earth is accomplished industrially through Haber’s process. This process 

Kile and ey 0 million tons of ammonia in thy world. About 80% of this is used for the production of 
Some is used_in manufacture of explosives or the production of nylon and other polymers. 


Qs, 
Synthesis of ammonia by Haber’s process Is an exothermic reaction. 
ah a 4 
®) Nagy + 3H yg) «= = 2NHy,) AH = -92.46 KI mol 
fh) past Should be the possible effect of change of temperature at equilibrium state? 
the change of pressure or volume shifts the equilibrium position of this reaction? 


What is the role of catalyst In this reaction? 


hn happens to quilibrium position of this reaction if NH, is removed from the reactionvessel from time to 


ae Feaction is endothermic in backward direction, rise of temperature will shift equilibrium to left Low 
™Perature shits the equilibrium to right and yield of NH, will increase 


“22 


4 


* ta) 20g) + Oxy, 
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(b) Increase of pressure decreases the volume and equilibrium position is shifted in forward direction»Ag a 
yield of ammonia increases and vice versa. bis 
(ec) Catalyst have no effect on the position of equilibrium. However, it helps the equilibrium to-establish earlier, 
we obtain the maximum yield of ammonia at faster rate. i 
(¢) Continuous removal of NH, from reaction vessel from time to time, shifts reaction in forward direction, and, 
get maximum yield of NH,. we 


Pre 


ation of Sulphur Trioxide (SO,) 
Contact process is used for the manufacturing of H;SO, on industrial scale in which the conversion of SO; to $0, 
is achieved in a reversible reaction. * 4 

2SOng) + Org) <——™ 2SOy4) 
Ways to maximize yield of SO, 


* At low temperature, the equilibrium constant for formation of SO, is large but equilibrium is reached very slowly. As 
the temperature is raised the rate increases but the yield of SO) drops off according to Le-Chatelier’s principle, 
© High pressure tends to increase yield of SO. However, instead of using high pressure, the concentration of O; (air) is 
increased to increase the yield of SO,. 
Effect of temperature on the yleld of SO, 
The table helps to understand the effect of different conditions on the yield of SO}. During the process pressure is 


kept at one atmosphere. 
[Tempera (| _& | woot, | 
200 


98 
300 
400 


AH = -194 kJ mol"! 


Optimum conditions’ ; 
To have the best possible yield of SO; within a reasonable time, a mixture of SO, and O; (air) at | atm pressure is, 
passed over a solid catalyst at 650°C. The equilibrium mixture is then recycled at lower temperature, 400-500°C, to 
increase the yield of SO}. The most effective catalyst are V,O; and finely divided platinum. SO; is dissolved in H;S0, to 
get oleum, which is diluted to get H)SO,. 
Economic importance 
H,SO, is the king of chemicals. A country’s industrial progress is measured by the amount of H;SO. 
manufactured each year. 
Q16. (a) Sulphuric acid Is the king of chemicals. It Is produced by the burning of SO, to SO, through an exothermic 
reversible process. 2 i : 
(a) Write the balanced reversible reaction. ~ 
(b) ve'>2t is the effect of pressure change on this reaction? 
(c) Reaction is exothermic but still the temperature of 400-$00°C Is required to Increase the yleld of SO, Glve 


V0, 


280,,, (4H = -194kJmol™) 

(b) Increase of pressure shifts the reaction in forward direction (less number of moles are produced) and vice versa 
(c} For this exothermic reaction, if the temperature is kept low, the reaction will be slow but yield of SO, will be 
high. Due to slow rate of reaction, it becomes uneconomical. To make the process economical temperature 
maintained at 400-500°C so that SO, is obtained at faster rate. In this we get maximum yield of SO, in short 
time which is economical. 
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IONIC PRODUCT OF WATER 
pure water is very poor conductor of electrici 
ization a5 follows and the reaction is reversible. 
i 
” H,0 + H;0 === H,0° + OH 
H,O—=H’ +OH 
The equilibrium constant for this reaction is given as: 
H"][(OH™ 
K -Heo. 1.8 « 10" mol dm” 
The concentrations of HO i.e. (H;0] in pure water may be calculat di 
55.5 moles dm”. - if ulated to be 1000 g dm divided by 18 g mot"! 
Since water is present in very large excess and very few of its molecules unde i 7 
remains effectively constant. Constant concentration of water is taken on LHS and ‘mukipied wi Ke ae pein 
< er 


constant called Kw. 

K, [H,0] =[H][OH] - 

1.8 * 10°" x $5.5 = 1.01 « 10 
This 1.01,x 10°'* is called K,, of water at 25°C. 

oss --uper = 10" at 25°C 
K,, is called ionic product of water or dissociation constant of water. The value of 
K, increases almost 75 times when the temperature is increased from 0' " 
Anyhow the increase in K,, is not regular, sabe 
Whenever some-quantity of acid-or base is-added.in water, then Ky. it 
[H'] and (OH aré no more equal. wane eran 
~hrneutrat water: = 


ity but its conductance is Measurable. Water undergoes self 


giving 


10} 
= (H (OH) 


10x10 * 
Hi =(OH] 
(HJ[H*] = to" 
(Hy = 10" 
eae [H") = 107’ moles dm? 
Similarly [OH"} = 107 mol dm? 
. This:means that out of 55. i ? of i pe i 
Rishon ae a wokaeeel water in one dm’ of it, only 10” moles of it are dissociated into ions. 
__ At40°C, the [H"] = [OH"] but the values are less than 107” 3 i ; 
“ittypare waters neutral at 100°C, (H"] and [OH] are greater than those at 40°C n° nen mural a AO. 
Inthe case, addition of small amount of an acid. 
fina a (H!)>(OHy 
: Inthe casé of addition of few drops of a base. 
; (OH) > (H") 
During both offthes i 
hese additions, the val i i i Ta 
vs conantan value of K,, will remain the same i.e., 10°" at 25°C 
tually, in all the aqueous solutions, the concentration of H” and OH" are too low to be conveniently expressed 


ed in calediations, In 1 aA non 
td DOH have been raoeribhe gd Sorenson, a Danish biochemist, introduced the term pH and pOH. So, the scales of pH. 


3.00x)0 


78«t0" 


“The negative log of hydrogen ion concentration is called pH.” 
POH pH'=~log[H"] 


The Negative log of concentration of hydroxide ion is called pOH.” 
pOH © ~logfOH"] 


nS 
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Relationship between pH and pOH with pK. 
PK, = pH + pOH = 14 
The sum of pH and pOH for a solution must be equal to 14. 


A hydrogen ion, H’ is simph 
For neutral solution pH =2 . hydrogen atom with hs 
For acidic solution PH less than 7 ; electron removed. Because : 
For basic solution pH more than 7 i hydrogen atom comprises ong 
pK: proton and one electron, 
“The negative logarithm of K.. is called pK.” removing the electron leaves 
kK. =[H) [OH] ~ 1g" just a proton. ‘H Hydrogen 
log K. = —log(H"](OH] = -log 10"'* ion’ and proton refer to the 


same thing. 
pK. = -log[H’] + (—log [OH™]) = 14 log 10 


pK. =pH + pOH= 14 (at 25°C) : 
© _ The value of pK,, is less than 14 at higher temperatures i.e. at 40°C and 100°C. 
© The value of pH normally varies between 0-»14 at 25°C. . 
© There are some solutions whose pH is being determined in negative while some solutions have pH more than 14, 
e Fora solution, having concentration of H® ion more than 1M, its pH will be in negative. 


‘© For the solution, having [OH] more than 1M, its pH will more than 14, 


Relationship of [0° ], [OH], pH and poH 


T.0M HCl 
0.1M CH,COOH 


a ee eee 
CS Oe 
[pe nae 3} 
[ees | 
[ar eNaHCO | a | 
[savas | as 
[nik ofmeenesa | 0s] 

Cn a 

ee 

[ae] 


=a fa) What is an ionic product of water? How does this value vai 


ry with the change in temperature 
value Increase 75 times when the temperature of water is 


increased form 0°C to 100°C. 
(b) What Is the Justification for the increase of ionic product with temperature? 


? Is it true that its 


@ How would you prove that at 25°C1dm?’ of water contains 107 moles of H,O° and 10” molesof OH’. 


‘Ans: (a) fonie Product of water: The product of molar concentration of H* and OH’ in 
of water. It is represented by K,, and its value is 107'* at 25°C. 
k, ©[H Jon] 
K, =10"" 
Kk, and Change of Temperature:The value of K, is directly proportional to the temperature Higher the 


temperature, greater will be the value of K,, because at high temperature ionization of water increases and 
ionic concentration of water is also increased eg. 


K, = 0.1x10™ at 0°c 


Pure water is called ionic product 


and - 
K, = 1x10" at 25°C 
K, at 0°Cand100°C: Yes, it is true that value of K, increases 75 times when temperature of water is raised 
from 0°Ctol00°C. The value of K, = 0.110" at 0°C and K, =7.5x10" 
‘This can be shown as (Ionic Product of water at 0°C x 75) lonic product of water at 100°C 
0.1x10"x75 = 7.5 x10" 


2 This comparison verifies that ionic product of water at 100°Cis75 times of the value of 0°C 
(b) 


When temperature increases, then—iagi : ter intvences—withthe increasing ionic 
aatation, ionic product of water (K,) also increases. \ . 
lonle’prodctofwaters; 


K. =[ Jor) 
10" =[H" JOH] 

Water ionizes as H,O == H*+OH". 

shows that in case of pure water: 


[x] = fon ) 
Hence, we canwrite eq. (i) as: 
10°" = [y Ie] since, [ur] 7 [ony 


scsscssersteorememea HD 


— ae to 


if 
Hi 
; 
i 
H 
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Qi2. 
(b) 
(c) 


(b) 


ic) 
(i) 


(il) 


Ans. 


wo = Say 
Taking square root on both sides: 
_ 107 peal since, [H" ]=[H,0° ] - 
Hence, 107 = {OH™ ]moles /dm’ 
(a) Define pH and pOH. How are they related with pK,. 


What happenes to the acidic and basic properties of aqueous solutions when pH varies from zero to 14? 
It is true that sum of pK, and PK, is always equal to 14 at all temperature for any.acid? If not, why?. 


(a) pH: “The negative logarithm of hydrogen ion concentration in the solution is called pH.” 
pH =~-log/H"] 

POH: “the negative logarithm of hydroxide ion concentration in the solution Is called pOH 
POH = -log[ OH" | 

Relation of pH and pOH with pK,,: From the concept of ionic product of water we have 


kK, = [H*][on"] 


logK, = log[ H* ]+log{ "1 


Taking log: 


Now multiply with (-1) u 
~logk, =-log[ H° J+(-log[OH 
pK, =pH+pOH 
pH +pOH=14 at 25°C (Since, pK, = 14 at 25°e) P 
Equation (i) shows that the sum of pH and/pOH Is equal to pK, ie. 14 at 25°C. 
When pH value varies from zero to 7, acidic properties of aqueous solution increases. 
The solution is acidic when pH value is between zero and 7 and is basic when pH value is between 7and 14. 
No, it is not true always. Lets understand it at two different temperatues. 
Sum of pK, and pk, at 25°C. 
pK, + pK, =pK, pK, =-logK, 
K, =107"* at25°C. 
pK, + pK, =-logk, 
pK, + pK, =-logio-"* é 
PK, pK, =14 login =! 
It is true at 25°C. ‘ 
Sum of pK, and pK, at 100°C, 
pK, + pK, =pK, 
pK, + pK, =-logk, 
PK, + pK, =~log(7.5x10"")K, =7.5%10"" at 100°C. 
pK, + pK, =13.125 
Hence at 100°C, the sum of pk, and pk, is less than 14. 


The reason for this is that the value of ionization Constant (Ky) of water has greater value and its -log(pK.) ha 


lesser value than that at 25°C 


me is the quantitative m: 
jonization co s santita leasure of the strength of the acid. Acids and 
ai water may oe my: not be completely dissociated, Many acids are weak electrolytes and ise ie wo 
gen is less than 100 % : 
rion! Ke ne Pr oo : 
ect suppose we have a monoprotic acid (HA) which ionizes in water as follows: ¥ 
HA + H,0 === H\0" + A- 
k, for this reversible reaction can be written as 
K.= (H,O"}[A7} f 
{HA][H,0}_ 
libri , the concentration of H,0 i: th initi: i 
Atthe equilibrium stage, @ tration 20. ‘ost the same as at the initial stages because it has been 
P excess. A reasonable approximation, therefore, is to take the concentrati ive 
oe Won the left hand side with Ke centration of water to be effectively 
K, (H,0] = [H,O*][A7} . 
(HA) 
.K. [H20] = K, 
(H,O° ][A7} 
Hence, k, = WAI 
lence, [HA] 


deplications 
This equation can be used to calculate. 
ii, for any acidic solution if we know the pH or Hydrogen ion concentration (H"} of that solution and the initial 
concentration of acid [HA] dissolved. 
i) esesiom concentration of [HjO") and [A7] produced if we know the initial concentration of acid [HA] and its f 
K, value. 
important points 
A HK, Is less than 107? 


Then the acid wilk be weak Y ¢ i 
CHCOOH —K,=.1.85 107 Weak acid . \ > { 
‘A K,= 1.0% 107 Weak acid ¢ I 
=185x10% vy, i 
t= 10107 ~ se ae fe 
Then the acid will be moderately strong. 
WK >4 


Then the acid will be strong. 


in K= 10" Very strong acid 
Fe 0, K,=10 Very strong acid i 
80, K,.=10? Very strong acid 


Percentage of lonization of Acids . : 
We can calculate the Percentage of weak acid and the formula is as follows: 
ionization = Amount of acid ionized 100 
Amount of acid initially available 
Factor’ 


The percentage ionizations of weak acids depend upon the extent of dilution 
of their aqueous solutions. ‘ : 


Explanation 


Table shows the change in Percentage ionization of acetic acid at different conc 
diluted,the solution, greater the chances for electrolyte to be dissociated. . 


¢ When 0.1 moles of CH; COOH is dissolved in 1000ént? of solution; then 1:33'molecules are dissociated out of 100, 


and 13.3 out of 1000. 


¢ When the 0.001 moles are dissolved pet dm? of solution then 12.6 nholeculés of ‘CH. 


1000, Remember that K, remains the same at all dilutions at a constant temperature. 


pK; 
The negative log of dissociation constant of acid (K,) is called pK,: 
pK, = ~log K, ae as 
Reasoning of pK, instead of k, 
expec oexpnetl fom: Sek Hanae eae 
whole number by taking their negative logarithm. ADIs x2 >.4 
Relationship between K, and pk, ; 


(Reg. oes 


Larger the value of pKy weaker will be the acid and vice versa, 


“ rdot of dilution, 


entrations. Lesser the molarity, 


COOH get dissociated out of 
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she : 


int points en 
mporhe difference of pK, value of two acids is “1” then acid with smaller pKa 
ce is 2 then one is hundred times stronger than the other. 


‘The ionization constants of bases (Ky) are quantitative measur 

Unlike, strong bases weak Bronsted bases which are Proton acceptors, usually consist of molecules or ions, They 
react with water, remove a proton from it, and generate OH™ ions. Take the examples of NH, and CQ?-, 

CO? ay * 1:0 () = HC0;' + OF im) 

: NHsaq) + H:0 (4) SNH i yt OH ey | 

NH; and co} have acted as bases in above reactions. They have different abi 

molecules. We compare these abilities of bases by knowing the equilibrium constant 


\ 
is 10 times Stronger than the other. If | 


ilities to accept protons from water 


Ky, which is called base ionization | 
Ostwald’s Dilution law constant of a base. | 
The degree of di ofa | Derivation of Ky ; : a 
weak electrolyte Consider a general reaction: 


6 


Proportional to the Square 


Boy - 1:0 BH (ay +0H (@) 
K, -[BH"]OH") , 


“~ [BJ(H,0) 
Since, the concentrations of H,O is constant, being in large excess, 


Ke(H;0] = prien 
K.[H,0] =K,y | 
k= (BHO) ‘ 

(B) 


So Ky value of a base is the quantitative measurement of strength of base. Smaller the Ky value, weaker the base 
and vice versa, 


ortant bases 


a yi : 
(Meth: amine), CH3NH3 +H30 == ='CH;NH3 +OH 4:38x10 
\ = | vey wet | 
Ee | GeflsNHs + 80 Se ara | ses 


K, of some im 


The pk, scale { 
Since 'k, value are vervs™ 
it is convenient to use the 


pk, scale where BXy: j 
pk, nhants “The negative log of Ky is called pK,.” 
; tet Det0 mn? Reasoning of xia i it 
Then ph, = lgg (00 10 ¢, a ne hari bases are very small numbers. Usually expressed in exponential Form. It is convenient 
=477 Onvert 


ye 'm into whole numbers by taking their negative log. j 
Ik, =2.30x 10" mole 


pk, =6.63. 


Pho 


» 
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ere ances [H,0°1A") 
1 setern 
PKs cg Ke = THAJ[H,O] 
Larger the value of pK,, weaker will be the base and vice versa. PL. ol = (H"}{A7] 
Important points : K{H:0] (HA] 
© If the difference of pK, values of two bases is‘ I” then base with smaller pK, is ten times stronger than the other. (H"J[A™] ‘ 
=_lf the difference of pk values of two bases is ‘2’ then base with smaller pK, is 100 times stronger than the other, Ke = [HA] @ 
Q13.__(a) What is Lowry Bronsted idea of acids and bases: Explain conjugate acid and bases. In the case, A” when dissétved in water, the equation for hydrolysis of conjugate base A” willbe 
introduction base acid acid base 
4.M Lowry and J.W Bronsted gave this concept independently in 1923. According to this concept: [HA][OH"} 
Acid yy 2. 5... iy 
{A} 
a ren ich Pa ‘ * A Bronsted-Lowery acid , : 
Biss puiticvaccmcteue winch doneee oc Nye oe 1s a proton donor, Let us multiply two expressions for K, and Ky. 
eA Bronsted-Lowery [H")[A7]_[OH"][HA] 
Example 3 base is a proton K,x K,= THA) x TAL 
H acceptor. : 
-—s © The strength of an acid ' K.xK, = {H"][OH] 
HCI + HO seem HjO’ + Cl” ef Bes is cetermines K.*Ky =Ky, Ky= 10° at 25°C 
Acid Base deigetation ieee This equation is useful if we know K, of acid, we can calculate Ky of the conjugate base and vice versa. The value 
Base 1 acids/bases are fully of K, isa constant at a given temperature i.e. 14 at 25°C and less than 14 at higher temperatures 
“These species (ions or molecules) which accept or have a tenden¢y to ‘ dissociated in solution Let us take the log of above equation 
accept proton (H’)are called bases.” JH 1 whilst weak log(K, * Ky) = log(K,.) 
Example ps ee Beier logXK, + (log Ky) = log K, 
partial is " . ’ 
’ Multiply both sides by *-1 
H solution. 
Be ~logK, - logK, =-togK, 
NH, + HO aqme NH, #OH™ "6° pos Ln EE a Since pK, = ~logK, and pK, =-logK, 
Base Acid —Pre - 8 aoe PRT Ke = PK a= 14 
Conjugate acid-base pair , \ Hence pK, and PK, of conjugate acid base pair has a very simple relation with each other 
When a weak acid or a weak base is dissolved in water, the conjugate acid base pair, is produced. his ‘PK + pKy : Rin at sa 
2. CH;COOH+ H;0 semana’ CHjCOO™ +Hj0° : ——T - ne Squation proves t ¢ following facts: 
ie acid base conjugate conugats mcq = on ) Conjugate base of'a very weak acid is relatively very strong base. 
base acid ~~ "Which of the . following 5 ) Conjugate acid of a very strong base is relatively very weak acid. 
Note - Strongest base? ler So Kye VK, ; 
Some compounds behave both as acids as well as base therefore-called as -(@). Fr \(b) We can calculate the pK, of CH\COO” if we knew pK, of CH\COOH and if we know py of NH, we can 
is () err (aps ulate " 
amphoteric compounds e.g., water, HSO;, HCO;! : PK, of NH} 
Relationship between K,, K, arid K,, & (©) Acetic acid dissolves in water and gives proton to water, but when dissolved in H,S0O, it accepts protons. 


There is a close relationship between K, and Ky of the conjugate base and K. of water. id bt Pettitte roe of acetic acid in both cases 
Let us we have an acid HA and it gives proton to water in a reversible manner. HjO" gives proton to A” and is an 8! Ana, (b) 


A accepts H” from HsO" and acts as conjugate base of HA. Seetsecldie Uietotyed in yotan i may 
1A tegen Ha 46> CH,COOH + H,0. = CH,COO™ + H,0 


Acid Base Conjugate Conjugate : ' ‘* Acid Base : trom acetic acid and acts 
Acid Base aril eid donates a proton to water and acts as an acid whereas water accepts a profon ‘ 


When acetic acid is dissolved in H,SO,., it undergoes dissociation as: 
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CH;COOH + H,SO, == CH,COO'H, + HSO; 
Base Acid 
H,SO, being more stronger acid donates a Proton to acetic acid and acts as an acid whereas CH; COOH bei 
weak acid accepts a proton from sulphuric acid and behaves as a base. m8 


‘ iON EFFECT 
“a 2 PPression of ionization of a weak electrolyte by adding a common ion from outside is called common io 
effect.” 
Example: Purification of NaCl 


NaCl is purified by passing hydrogen chloride gas through the saturated brine. Sodium chloride is fully ionized in 
the solution. Equilibrium constant expression for this process can be written as follows: 
+ - 
NaCl, ———> N&\aq) + Nag) 
= (Na YICr} 
[NaCl] 
HCI also ionizes in solution. R 
+ = 
HCI mm Higa) * Chingy - 
On passing HC! gas, concentration of CI” ions is increased. Therefore, NaCI crystallizes out of the solution 1o 
maintain the constant value of equilibrium constant. This type of effect is called common ion effect. 
The addition of a common ion to the solution of less soluble electrolyte suppresses its ionization and the 
concentration of unionized species increases, which may come out as a precipitate. 


+ = 
Nag) * Magy SA NaCl 
More examples of common ion effect : 
1 The solubility of a less soluble salt KCIO in water is suppressed by the addition of more soluble salt KCI by common 
ion effect. Kis a common ion. The ionization of KCIOs is suppressed and it settles down as precipitate. 


KC10 xy mm Kay + C1051, 


2 Simularly the disocition f weak sid HS in water can be suppressed by the addition of stronger acid HCI. HT #* 
common ton. HS becomes less dissociated in acidic solution. in this way, low concentration of Sis developed. 


HS ee 2H. +S, 


This low concentration of $* ions helps to do the precipitation of radicals of second group basic radicals during 53! 
analysis 


HCl em He + Cl: » 


(a) (oq) 
3. An addition of NH,CI in NHOH solution suppresses the concentration of OH, due to the presence 


excess of NH from NH,CI Actually, NH,C1 is a strong electrolyte. The combination of these two substances '* used 
9 reagent tn third group basic radicals 


of a large 
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goon 
NH.Cl.) <> NH}, +Cl a 
NH,OH 4) =——> NHi,,., +OH,,, 

, ion effect finds its extensive applications in the qualitative analysis and the Preparation of buffers 
4 (a) What are buffer solutions? Why do'we'need them in daily life? 
o ) How does the mixture of sodium acetate and acetic acid give us the acidic buffer? 

()Explain that a mixture of NH,OH and NH,Cl gives us the basic buffer. 


BUFFER SOLUTION Although the. — two 

/ “Those solutions which resist the change in their pH when a small amount of an components in a buffer 
i og 

(acid or a base is added to, Buffer solution. solution react with added 


Tre buffer solutions have a specific constant value of pH acid and alkali, they cannot 
+ The pH values of buffer solutions do not change on dilution and on keeping for a Stop the pH from changing 


long time. They do however minimize 
types of buffer solutions PH changes. . 
Buffer solutions are mostly prepared by mixing two substances. 


Acidic buffers 


«Those buffers which are formed by the mixing 
of a weak acid and a salt of it with a strong 
base are called acidic buffers. 


© Those, buffers which are formed by mixing of a 
weak base anda sah of it with a strong acid are 
called basic buffers. 


* Henderson's equation for acidic buffers 
pH = pk, + loglS2t 


* Henderson's equation for basic buffers 
{salt} 

POH = pK, + log ——— 

°8 base) 


ee CH;COOH + CH;COONa eg. NHOH + = NH.CI 
(Acetic acid) (Sodium acetate) (Weak base) (Salt of weak base) 
(Weak acid) (Salt of acetic acid) (Ammonium hydroxide) (Ammonium chloride) 


Wr0o We Need Buffer Solution 
PH of human blood maintains at7.35, if it goes to 7.00 or 8.00, a person may die. So human blood is a natural buffer 
maintains its pH. 

__ is ON wants to study a reaction under conditions that would suffer any associated change in the pH of 
than mixture. So, by a suitable choice of the solutes, a chemist can ensure that a solution will not experience more 
avery small change in pH, even if small amount of a strong acid or a strong base is added. 


* Stes Sx important in many areas of chemistry and allied sciences like molecular biology, microbiology, cell 
a = Sciences, nutrition and the clinical analysis. 
do you Justify that the greater quantity of CH,COONa in acetic acid decreases the dissociating power of 
acid so the pH increases. 
othe Butfers Act 
By 8 tke the exainple of an acidic buffer consisting of CH;COOH and CH;COONa. Common ion effect will 


Mey stand how the buffer will work. CHjCOOH, being a weak electrolyte undergoes very Inttle .dinspeztion, 
» CH COON, which is a strong electrolyte, is added to CH\COOH solution, then dissociation of C HCOOH ts 


“10 common ion effect of CHyCOO 
CH,COOH,,, + H:0/,, w= CHCOO ,,, + HO 


CHjCOONA 4) SS CH COO uy + Na ay 


a 


Ms 
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If one goes on adding CH;COONa in CH;COOH solution, then the added concen 
the dissociation of CH;COOH and the PH of the solution increases. 


trations of CH;COO- decrease 
Greater the concentration of acetic acid as compared to CH;COONa, lesser is the pH of solution. 


[cH,coo7] 
(mol dm=4) 


Actually, this buffer is a large reservoir of CH;\COOH and CH;COO™ components. When an acid or H 


sO" are 
added to this buffer, they will react with CHyCOO™ to give back acetic acid and hence the PH of the solution will almos, 
remain unchanged. 


The reason is that CH;COOH being a weak acid will prefer to remain undissociated, Similarly, the buffer solution 
consisting of NH,CI and NH,OH can resist the change of pH and pOH, when acid or a base is added from Outside, When 
a base or QH' ions are added in it, they will react with HyO* to give back H,O and the pH of the solution again will 
remi ost unchanged, 


Hen n’s Equation for Acidic Buff 


Consider a weak acid HA and its salt NaA with a strong base NaOH, The reversible reactions for dissociation of 
HA and NaA are as follows: is 


HA went H* + A™ 
NaA wee Na’ + Am 
The dissociation constant of a weak acid HA is given by: 


Rearranging the equation: 


i ii i i: is A which is a stronger 
The concentration of A” in the reaction mixture is predominantly being supplied by Na a sine 
electrolyte than HA and the ionization of HA is being suppressed by common ion effect. (A~ is the common ion in this 
buffer solution). 
Taking log of this equation: 


+) =p. K [HA] 
log{H"} ea) 
lol] = lop, + og Al . 
Multiplying with negative on both sides, we get 


logit) =~logk, + (-rolt} 


[A] 
~log(H"] = pH 
-logK, = pK, 
So . 
(HA} 
PH = pK, - log ——" 
[A] 


ae Nahe 
[A ] refers to the concentration of the salt. Actually, maximum possible concentration of A” is given by 
+ being a strong electrolyte 
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pH =pkK, - logtssi 
0 ¢ rator and denominator, the si 
interchanging the ais bd nator, the si; 
PH = pK, + lograciay 


This relationship is called Henderson's equation. This equatior 


ign of log changes 


Nn shows that two fac 
solution. ‘ 
fpke of acid used. ; 
(ii) Ratio,of concentrations of the salt and the acid 
formation of different buffer solutions 
‘The best buffer solution is prepared by taki 
is controlled by pK,. 
amples : - 
{CH;COOH] = [CHsCOONa] 


PH = pK, + log<HsCOONa 


tors evidently xovern the pH of a buffer 


Ing equal concentration of the acid and the salt So, pH 


{CH;COOH] 
PH = pK, + log(1) 
pH =pK,+O 
pH =4.74 
---lmeans that, if concentration of salt and acid are equal then pH is equal to pK,. 
Example 2 
Ifconcentration of formic acid and sodium format are equal then 
{[HCOOH] ~—= [HCOONa] 
PH == pK, + 0=pk, 
pH =3.78 
Example 3 
To'prepare a'buffer of definite PH, we need a suitable acid for that ci 
a A pu . We can also the buffer of 
own required pH by suitably selecting the concentration ratio of the acid and heat it ioe ei 
[CH;COOH} =0.1 moles.dm” 
and) (CH;COONA): = | moles.dm2 
at salt) 
pH 4.74 + log it 
> PH =4.74+ loge” = 4.74 + logo 
log 10 = : , 
pH =4.74+1=5.74 
Ho = 5.7, 
tample g pl 5.74 


(CHiCOOH]- = motesdm”? 
el 1COONa] = 0.1 moles.dm” 
n, 


DH = pk, + loglCHsCOONa) 
[CH,;COOH) 


=474 + tog 


= 4.74 + log 10"! 
= 4.74 + -log 10 
“474-1 

T pil = 474 


va 374 0 §.74, The bafler beyond this 
‘aig, a above mentioned combination can be used to prepare buffers from pH 0 
not 


© 2O0d buffers and will have small buffer capacities. 
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erson’s Equation for Basic B 
Let A : ‘i . 
Sasi et us use the mixture of NH,OH and NH,Cl. NHOH is a solution of NH; in water and can be Tepresented ag 
NH yg) + H20,9 <== NH jag) + OH.) 
ky (NHUIOH") ; 
(NH;] 
Taking the log, multiplying with negative sign and rearranging, we get 
[salt} 
pOH = pK, + log —— 
: [base] : 
Using this relationship, we can prepare a basic buffer of the required pOH or pH by suitably selecting a base and 
adjusting the ratio of Lsalt) 
[base] : 
Note: For equal concentration of salt and base in case of basic buffer 


POH = pK, 


Q17. (e) Explain the term buffer capacity. 


Buffer Capacit ; 


“The capability of a buffer solution to resist the change in its pH when a small amount of‘ucid or 

a base is added in it is called buffer capacity.” 
Explanation 

It can be measured quantitatively that how much extra acid or base, the solution can absorb before the buffer is 
essentially destroyed. Buffer capacity of a buffer solution is determined by the sizes of actual molarities of its 
components. So, a chemist must decide.before making the buffer solution, what outer limits of change in its pH can be 
tolerated. ; ‘ 

Let 22 do some calculations to check the effectiveness of a buffer system, Consider that we have a buffer having 
0.11 molar CHyCOONa and 0.09 molar acetic acid. Its pH will be 4.83. - 


salt 
pH = pKa + ele 


4.74 + log ad 


=) 
= 
w 


pH = 4.74 + 0.087 = 4.83 
. 3 

Let us add 0.01 moles of NaOH in one dm’ of the buffer solution. Addition of 0.01 moles NaOH’ per aie 
solution will change the pH from 7.00 to 12.00 in pure water. Since, NaOH is a Strong: base and it is 100% dissociated, 
generates 0.01 moles of OH” ions. 

NaOH —— Na* + OH 
0.01 mol dm? — 0.01 mol.dm"? 0.01 mol.dm”? ‘ 

Out of 0.09 mole of CHy\COOH, 0.01 mole will react with OH* and 0.08 moles of CH;COOH is left behind nr 
dm’ of solution. This neutralization, of cofirse, makes: the identical change in the amount of CHyCOONa # 
concentration will increase from 0.11 mole to 0.12 mole. 


Henderson's equation 


pH == pK, + log —— 
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= pk, + log 212 
pH PK OBo Gg 
= 4.74 + log 1.5 
= 4,74 + 0,.176~ 
pH =4.92 


lon 
{umeans that there is a very small change in pH from 4.83 to 4.92 that is onl 


seclusion that a buffer does not hold the pH exactly constant. But it does'a very 9 ly a difference of 0.1, So we reach the 


00d job in limiting the change in pH to 


jnery smal ammount. 
(a) What Is the solubility product? Derive the solubil ‘od 7 
oe ee acrO aed PhCt, ity product expression for sparingly soluble compounds, 


Mathematical form 
~~” AB, ===> xA + yB™ 
= IAP} IB"Y 
[A,B] 
K. [A.B] = [A°]}'(B") 
- Ky =[A"BY 
* Kg isthe product of molar solubilities of two ions at equilibrium. > 
* Kg isusually.a very-small quantity at room temperature. The value of Ky is temperature dependent 
’ The value of Ky is a measure of how far to the right dissolution Proceeds at equilibrium i.e. saturation. 


_ 
ag: is shaken) with water the soluti i cr issoci 
FoCl; tion contains Pb™’, Cl” and un-dissociated PbCl. It libri 
cus15 Betivecn PbCI; (Solid solute) and the dissolved ions, Pb”? and CI’. aaa acai 


POClys) ——= PLCIrj4) ——=> Poy +2CK,, 
‘According to law of mass action: 
_ [Pb yer? 


{PbCI;] 
Ke(PbCl3} = [Pb“](Cr} 
; Ky = [Pb ](CIF = 1.6x107 at 25°C 


: is Sulphate PbSO, is a well-known sparingly soluble compound and it dissociates to a very small 
tent, 
PLSO4y; <=> PHSOuny <=> P/E, +O, 
According to law of mass action: 
x, = (Pb S077] 
[PbSO, | 


= ~ a sparingly soluble salt, the concentration of PbSO, almost remains ¢ 
ith K 7 


onstant. Bring [PbSO, Jon left hand 


x, [Pbso,] =[Pb* |[S0% ] 
K, [PbSO,]=K,, 
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Ky = (Pb “SO, | = 1.6 10 a 25°C 


values for some ionic compounds (c 


[see [tonProduct [ke | Sait [ton Product _] 

f Pa] fe.2* fe2-] 

wf 
aE 2+ lf 2-7 

rc CG 


[ ae? | 7] 


) “ 
: 
ica 


PPLICATIONS OF 


|. (b) How do you determine the solubility product of a substance when its solubility is provided in grams/100 g of 
water? 


(1) Determination of K,, from Solubility 
From the solubility we can calculate the Ky of salt. The solubility for most of the compounds are given in terms 
of the grams of the solute per 100 g of water. Since, the quantity of solute is very small, so 100 g of water solutiog 
considered to be 100 ml of solution, The reason is that the density of water is very close to unity. Hence, we get 
“sygentration im moles.dm ’ The number of moles of solute dm”’ of the solution is calculated by dividing the mass of the 
fate by its molar mass Then by using the balanced equation, we calculate the molarity of each ion and then Ky. 


UBILITY PRODUC 


Example: The solubility of PbF, at25°C Is 0.64 gdm’. Calculate K,, of PbF,. 
Solution: 
First of all convert the concentration from gdm 3 to moles dm? 
Mass of PbF, dissolved dm’ = 0.64 
Molecular mass of PbF, = 245.2 g mol* 


0.64gdm ! 
245.2gmol ' 
The balanced equation for dissociation of PbF, 15, 


Number of moles of PbF, 26x10? 
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gaaur' cH 


——* pp?* ’ 
POF, ,) = PIs.) +2F;, 
2.6%10 3M Oo+0 t=osec 
“zero” moles 2.6*10 *moles + 2%2.6x10? moles 
The expression of K,, is 


k,, =i Pb? || F 


t=equilibrium 
>] 

‘sp J 

Putting values of concentration 


Kip =2.64109 x(2x2.6x10)' = 7.0x108 


ais. (¢) How do you calculate the solubility of a substance from the value of solubility product? 


0) Determination of Solubility from K,, 


For this purpose. we need the formula of the compound and Ky, 


value. Then the unknown molar Habit 
I solubility S 1s 
calculated and the concentration of the ions are determined, 


ple: Ca(OH), is a sparingly soluble compound. Its solubility product is 6 5*10 
Ca(OH), 
Solution? Let the solubility is represented by Sin terms of moles dm! 
The balanced equation is 
—— ¢3?' 
Ca(OH), == Ca\3q) ~ 20H(,9) 


° Calculate the solubility of 


Ca(OH), == 0+0 Initial stage 
‘ Ca(OH), == S$ +25 Equilibrium stage 
The kK, = 6.5x10°° 
Théconcentration of OH” is doulbe the concentration of Ca** so 


Kyy =! Ca?™ [lor ; =Sx(25)? 


4S? =6.5x10°% 
43 
65x10° 5" 
So, S= ae =(1.625x10°°)' 
‘ \ 


S=(1.625)' 3 «10? 

S=1.475x107 : ‘ 
Hence, at equilibrium stage 1.175107 moles dm”? of Ca? and . 
2°1175+10? =2.75x10"? moles dm? OH” are present in the solution. In this way, we have calculatea 
the individual concentrations of Ca™? andOH” ion from the solubility product of Ca(OH), 
Relationship between b 
cee ey ee 

oflons d 

. L Meco, [2 TT serni0* | Lg xiot 
Psa fo] eno Pai 
[Bac [2 Pt Pisoni [isto® J 
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saxo" | 20-0 | 
[26x | a7-10° | 


Effect of Common lon on Solubility 
The presence of a common ion decreases the solubility of a slightly soluble ionic compound. In order.to explain jt 


consider a saturated solution of PbCrO,, which is a sparingly soluble ionic salt 
POCO aq) == Pbfig) +CrO%aq) 
Now add \.,CrO,, which is a soluble salt. Cr? is the common ion. It combines with Pb" to form more = - 
insoluble PbCrO, So equilibrium is shifted to the left to keep Ks constant. 


1. The reversible chemical reactions can achieve a state in which the forward and the reverse processes are occurring: 
at the same rate. This state is called state of chehical equilibrium. The concentrations of reactants and products 
are called equilibrium concentrations and the mixture is called equilibrium mixture. * 

2. Law of mass action provides the relationship among the concentrations of reactants and products of a system at 
equilibrium stage. The ratio of concentrations of the products to the concentrations of reactants is called 
equilibrium constant. The equilibrium constants are expressed as K,,K,,K, andk,. 

3. The value of equilibrium constant can predict the direction and extent of a chemical reaction. 

4, The effect of change of concentration, temperature, pressure or catalyst in a reaction can be studied with the help 
of Le-Chatelier’s principle. Increasing concentrations of reactants or decreasing concentrations of products or 
heating of the endothermic reactions shifts the reaction to the forward direction. The change of temperature 
distubrbs the equilibrium position and the equilibrium constant of reaction. A catalyst decreases the time to reach 
the equilibrium and does not alter the equilibrium position and equilibrium constant under the given conditions. 

5. Water is a very weak electrolyte and ionizes to a slight degree. The extent of this a auto ionization is expressed by 
ionic product of water called K., having a value 107“ at 25°C. The addition of an acid or a base changes the 


{H" Jand [OH" J,but the ionic product remains the same at 25°C. 2 
6." — The concentration of H” is expressed in terms of pH and. that of [OH Jin terms of pOH. Neutral water has 8 


pH = 7 and pOH=7. The value of pK., is 14 at 25°C. j 

1 According to Lowry-Bronsted concept of an acid and a base the conjugate base of a acid is always weak. So 
pK, +pK, = pk, 

Where pK, and pK, are the parameters to measure the strength of acids and bases. 

8. Those solutions which resist the change of pH. are called. buffer selutions, Buffer solutions of pH below 7 are 
prepared by mixing a weak acid and salt of it with strong base while basic buffers can,be prepared by combining? 
weak base and salt of it with a strong acid.“Hendersen's equation, guides us quantitatively to have the buffet 
solutions of good buffer capacity and to select the pair of compounds for this purpose. 5 

9 The solubility of sparingly soluble substances are calculated fromthe solubility product data. This data provides 
us the information bout the selective precipitation and fractional precipitation 

10. Common ton effect operates best in buffer solutions, and purification of certain substances. It is one 
applications of Le-Chatelier's principle. 


of the bet 
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gt Multiple choice questions: rhe % / 
For which system does the equilibrium constant, K, has a units of (concentration) '? 
Oy N; 43H, = 2NH, (&) Hy +1, 2 2HI 
(p20; = N:04 (4) 2HF = H;+F; 
Which statement about the following equilibrium is correct 
(i) ssOxoF Ory = 280x)  AH=~ 1883 KJ mot" 
ora value of-K, falls. with rise in temperature z 
(b) the value of K, falls with increases in pressure 
(c) adding V20s catalyst increase the equilibrium yield of sulphur trioxide 
(d) the value of Kp is equal to K, 
(ii) ThepHq mol dm”? ofan aqueous pe ia is: 
(a) 30 27 
(©) 20 (4) 1s 
(iv) Solubility product of AgCl is 2.0 x 10"'° mol” dm7 Maximum concentration of Ag’ ions in the solution is: 
(a) 2.0 10°’ mol dm” (Aa x 10% mol dm” 
(©) 1.0 10°" mot dm” (4) 4.0 x 10 mol dm” z 
(x) Anexcess of aqueous silver nitrate is added to aqueous barium chloride and precipitate 1» removed by filtration 


« 


Whataré main ions in the filtrate: sae. 
(8) Ag’ and NO;' only ) Ag’ and Ba” and NO;’ 
(ce) Ba and NO;' only (d) Ba‘?and NO;'and CI 


Solved Exercise MCQ’s 


ONG 


Answer Reason 


(©)2NO; = NO, If the number of moles of reactants and products are equal, then Ke has no 

units as in (b) and (d). 

Nag) + 3H2q) <== 2NHxy) 

4 mol 2 mol 

_ ANH | __ fmol dm? 
(NH) (mol dm™}[mol dm”)? 

2NO) =m N20. 

kK = {N,0,] _ [mol dm") = mol! dm’? Or (concentration):' 

(NO, [mol dm” 


) the value of K, falls with | According to Le - Chaletier’s principle: 

peinlemperature Ifa reaction is exothermic, by increasing the temperature at equilibrium state, 
the equilibrium will shift towards teft and product will convert into reactants, 
‘As a result the concentration of products decreases which falls the Ke 


= mol? dm”* 


H,SO, = 2H" +S0;* 
(HW) = 2» 10" 


340 
(b) 1.4 «10° mol dm’ AgCl = Ag +Cl 
Ksp = [Ag’'J [CI] 
2.0% 10 "=[Ag"}(CI'] Since [Ag™'] = [CI] 
2.0* 10'"= (Ag"}? 
¥20x10" = J[Ag'} : 
Z [Ag] = 1.444 « 10% mol dm” 
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pH = ogi) 
= log? «10 = =(log2"— Hogt0) = 0.301 -3) 
pH = 2.67 Or 2.7 


(b) Ag’ and Ba’’and NO,’ 2AgNO,; + BaCl; ——> 2AgCl + Ba(NO); 
Since AgCl is insoluble in water, so it precipitates out, AgNO, is in excess, 
Some mass of it used in the formation of AgC! while remaining left behind. 
Hence filtrate contains Ag’ and Ba’and NQ;. 


Q2: Fill in the blanks: 


(i) Law of mass action states that the at which a reaction precedes is directly proportional to the product of 
active masses of __ 

«uy In an exothermic reversible reaction, temperature will shift equilibrium towards the forward direction. 

(iii) — The equilibrium constanf for a reaction 20; = 30; is 10° ‘at 25° C, it tells that ozone is at room 
temperature. 

(iv) Ina gas phase reaction, if the number of moles of reactants are equal to the number of moles of product, K. of 
reaction is to the K,. . 

(vy) Buffer solution is prepared by mixing together a weak base, and its salt with or a weak acid and its salt 
with . 

ANSWERS ~ 


‘Hd) unstable 
(¥) strong acid, strong base 


Q3: Label the sentences as true or False: 
(i) When a reversible reaction attains equilibrium both reactants and products are present in the reaction mixture. 


(ii) The K, for the reaction A + B = C + Dis given as x, AC ,, it is assumed that [A] = [B] = [C] = (D]- 
(A}[B] 


(iii) A catalyst is a compound which speeds up reaction and consequently increases yield of product. . 
(iv) Joni product K,. of pure water at 25°C is 10” mol*dm~ and is represented by an expression Ky = [H [OH be 
10"* mol’ dm*. 


(v) AgCl is sparingly soluble ionic solid in water. Its solution contains excess of Ag’ and CI” ions. 


ANSWERS 
[Orme [wre [wnrane [oo Tae [rane } 
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ISHORT ANSWERS TO EXERCISE 
mak fortetolowingrescions: 
ao . 


a ” eae 2 
snjy + 2Fe (4) = SM ey t 2Fe (oy 


K=[Reactants]  [Sn7?)[Fe?}? 


fi A iat FE = Fei, + Ag 
ao*xeqas=$S$ SSS SSSSSI$<—MM——EESESEE 
(Fe? Ag?) 
[Ag’ IlEe"*] 
eoa“alea————sSSSSsassOaoeoOoOoo |” 
(sz = nt nag Nag ae 
. -_[NOF 
*IN3]{O2] 


x, - {HOR INOT 
(NH3}'[02]° 
M PCliy === PChig + Chin 
“~_[PCK) 


ba Write'down k, for the following reversible reactions. Suppose that the volume of reaction mixture in all the 
's'V' dm? atiequilibrium state. 
CH;COOH + C,HJOH ————> CH,COOC,H, + H,0 
mol “b” mol ===> “o” mo! _“o” mol 
equilibrium(a — x) + (b — x) ————=> (x) + (x) 
cone in mol/y (dm')so ? (=)-+(° 
: . v 
kz [CH;COOC, Hs ILH30] 
ICH.COGDITC an) 
Ic H,COOH][C,H.OH] 


— 


— 


=_— —. a ae 
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(0) 4, + Lb ——= 2H 


moles att=o ee 
at t = equilibrium (a-x)+ (b-x) mmm x 


conc. moie/dm? so (22).(2 2) ee 2x 
v v v 


(Hi? 
(H2}{1z] 


aa kee s 


(a-xXb-x) 


K= 


«uy 2H 
tzo ande —=="o Fo 
t = equilibrium (a - 2x) —mee K + 


a-2x 
aie ; 
~ [Products] = 
* (Reactant) 
x, = Hall aa 
(HIP 


pay = = vares 


pacer = = 
EEE eee 
Ss I NEES 
moles att=0 a wee 0+ 0 


moles at t = equilibrium (e~ Sah Sane xox 
concentration in moles/"V'dm? | — \— { *). (2) 
v v 
Frosoel 
ke (Reactant) 
x or x 
Ke [PCH |[Cl, J --¥3 
[PC] [a-x) 
Lv ) 
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a a I EE ERE aa 
een 
een. SS ——————— 


equilibrium (a — x) ¢ (b — 3%) qm 2x 
oes att x 


b-3x 
wna 2) 8) 
Product 
Ke = TReactant] 
~ INH? 
(Hz PIN2] 


(7) 

— 
CE) 

NSW, v 

Fs 4x2v? 
(a-x\b- 3x) 


JUMERICAL OF EXERCISE 


QI. K,value'for the following reaction is 0.016 at $20°C. 
2H ——™ Hy + hip 
Equltibriam mixture contains [HI] = 0.08 M. [H;| = 0.01 M, |I;] = 0.01 M. To this mixture more HI is added 
that: its mew concentration is 0.096 M. What’ will be the concentrations of [HI], [H,|, [hh] when 


equi is re-established. —— 


Aus, - Given data: 


Initial concentration of HI = 0.08M 
Initial concentration of Hy =0.01M 
Initial concentration of Iz =0.01M 
New concentration of HI = 0,096 M 


R ulrement: 
3] and [1] =? 
Solution: 


ZHI come H; + I 
Initial concentration 


0.08 M wqmmmmm 0.01. M +0.01 M 
At equilibrium, the new concentrations 
(0.096 - e em (0.0! + x),+ (0.01 + x) 


K, Concentration of product «(Ha J{!,] 


~ Concentration of Teactants {HI} 


0.016 = (0.01 + x}[0.01+x 


(0.096 - 2x}? , ’ 


_— 


roe 


S 
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Taking square root on both sides 


Joos = | 0.0l+ 
\ (0.096 - 2 é 
0.126 = 00l+% 
0.096 — 2x 
0.126(0.096 - 2x) =0.01 +x 
0.012096 -0.252x = 0.01 +x 
0.012096 - 0.01 =x+0.252x 
0.002096 = 1.252x $ 
_ 0.002096 
1352 
x =1.68 » 10°M or 0.00168M 
Concentrations at equilibrium can be calculated as follows 
() [HI] = (0.096 - 2x) 
= 0.096 GUTS wo Jansanuee 
= 0.096 — 0.00336 01. cnc 
= 0.09264 M : 
(ii) IH] S001 ¥x 7 SEE 
= 0.01 + 0.00168 
= 0.01168 M + i 
j an) (kh) = 0.01 +. Sh , : , , 
= 0.01 + 0.00168 fe » 
= OOTTEEM — = eee oe 
[HI] = 0.0926 M 
1H] = 001168 M 


[13] = 0.01168 M 


Q20. The equilibrium constant for the reaction between acetic acid did ethyl alcohol is 4: A’ mixture of 3 moles 
CH,COOH, and one mole C,H,OH is allowed to attain equilibrium. Calculate amount of ethyl acetate present at 
equilibrium in number of moles and grams. Also calculate masses of reactants left behind...» 


Ans. Given data: K=4 

Moles of acetic acid =3 

Moles of ethy! alcoho! = 1 

Requirement: 

Moles of ethyl acetate = ? . Amount of ethyl acetate = ? 

Moles of acid = ? ‘ Amount of acid in gram = ? at ; 

Moles of alcohol = > ‘ * athount of alcohol in gram=? 

Solution: . _* 

CH,COOH + CH,OH sem CH,COOC,H HG 

att=o 3mol + mol ————= Omol + oO mol | 
at t = equilibrium (3. x) mo! + (1~ x)mol ———=—= (x) mol + (x) mol 


vole’ CHEMISTRY ~ XI (Subjective) 
_ [Product] = ([CH,;COOC,H, ][H,0] 
K © [Reactants] [CH)COOH}[C,H,OH) 
— —_OXKX) 
4 ~ G=xKI-x) 
x = a(x? - ax + 3) 
x = 4x’ - 16x +12 
ax — x7 - 16x +12 =o 
yx'- 16412, =O 
Itis a quadratic equation. To evaluate the value of x, the formula used is 
_-b+ vb" - dac . 
<= 2a 
Let us consider that [a = 3, b = ~16, c = 12] for above reaction 
~(16) = y(16)? - 43x12 
Thus x= -. See x3 
_ 16+ V256-144 
6 
_ 16+Vil2 _16+10.58 
6 6 
‘A Pe 161058 4.43 les or 
xs ees =0.903 moles 
Fromithe above two values of x 
#4 as initial concentration of CH,COOH is less i.e.,'3 moles. So value of x = 0.903 moles 
(i) Concentration of (CH;COOH) at equilibrium 
=3-X=3-0.903 = 2.097 moles 
(i) Concentration of (C,H,OH) at equilibrium 
me Sq-xeq- 0.903 = 0.097 moles 
iy Concentration of ethyl acetate = x= 0.903 moles 
(iv) Mass = Moles x Mol. mass 
(3) Amount of CH,COOH = 2.097 x 60 = 125.82 g 
_ ©) Amount of C,H,0H = 0.1 x 46=.4.6 8 
=e) Amount ofethyt acetate =0.9 x 88-= 79469 == 
= Moles ofethy! acetate = 0.9. mola. 
Mass of ethyl acetate = 79.46 g 
Mass of acid left behind = 126 
e Mass of alcoholleft =4.68 
"Study the equilibrium 
co, 
‘ HO yy + COy —™ Hays + COrw librium 
itibrium 33.3% of equilibriu 
When 1.09 mol of steam and 1 mol of CO are allowed to react and reach to equ 


<Witture is hydrogen. Calculate the value of K,. State the units of Ky- 


etehemitinn 


H 
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= Given data: 


Moles of steam = 1.00 
Moles of CO 
% of H, at equilibrium = 33.3% 
Requirement: 

(i) Value of K, =? 

(ii) Unit of K, =? 
Solution: 


=1.00 


Hi0y + CO we Hag * COny 


concentration att=0 (1.00) mole +(1.00) mole === © + 0 
concentration att=eq (1-x) mole + (i- x) mole qemmmme™ x + x 
Total moles of reaction mixture = 1+1= 2 mol. 

Moles of H, at equilibrium = 33.3% 


Units of K, 


Nt means that 2 = Sect, 


100 
271 
2x333 
x= 100 = 0.666 moles 
=1-x “it 
= 1- 0.666 = 0.333 moles 
=1-x 
= 1— 0.666 = 0.333 moles 
= {CO,) = x = 0.666 moles ™ 
= K(RT)* 
Anzo0 30 
aK 
* [Products] _ (CO; I(H2] _ 0.666 x 0.666 
[Reactants] [COJ[H,O] 0.333 0.333 
=4 
_ (COz][H2] _ mol dm. mol dm”? 
{CO}[H,0] mot dm”. mol dm~ 
= nounit 


Kae 
has no unit 


Qzz. (a) Calculate the pH of 10°* mol dm” of HCI. 


eee 
pa tL ee 


Ans. Given data: 
concentration of HCI = 10° mol dm™> 
Requirement: 
PH of HCl = ? 


Solution: 


HCI 


——— HH’ + Ci(ionization) 


(1) mole === (1) mole ¢ (1) mole. 
10" 


“moldm? em 10° mol dm? + 10 mol dm"? 
(4) =10 mot dm ° 


pH of Ba 
Solution: 


pH == -log[H") 
=—-log 10 


pH =4 ; 
=p calculate the pH of 10 * mol dm” of Ba(OH), Se 


js. Given data: 
concentration of Ba(OH), = 10° mol dm? 


Requirernent: 


(OH); = ? 


Ba(OH), === 20H’ + Ba” 
if (1) mole ===> 2 mole + (1) mole 


10% moldm? =——= 2x10 moldm? +107 mol dm? 


[OH] ~ =2x10“moldm? 
POH =-log{OH] 
= -log[2 x 10°) 
= 3.698 


PH + pOH =14 
pH = = 14~pOH 


G22. (c) Calculate the pH of 1 mol dm” of H,X which Is 50% lonized. 


Se 


Ans. Given data: 

concentration of H,.X = 1moldm=? 

lonization = 50% 

Requirement: . 

PH OfH,X = ? 

Solution; 

HX' === 2H" +X” (if 100% is its ionization) 

Moles 4 ~ => 2 44 

But as 50% dissociation is there. 


1 mole of HX gives mol of H’ = 1 mole 
(#9) =1moldm? 
PH =~log(H"] 


= —log{1). ant 
te PH. z0:>. " 
(4) Calcilite'tha lpi ot 1 mol ani? NH,OH which is 1% dissociated. ' 

* Givetidatas— a 
loniationof NH,OH  =1% 
Concentration Of NH,OH =1moldm? 

ulrement: 

PH Of NH,OH = ? 
Solution: 


NH,OH === OH’ + NH; 


{100% ionization) (4) mole === (1)mole + (1) mole 
"%ionization) (1) mole <—=—= 0.01+ 0.01 (mol) 


Xx 
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So [OH] =0.01mol dm? 
4A POH == -logOH] = -log 0.01 

=2 

i pH + pOH 214 

pH + =14=p0HK 
=4-2 

pH = 12 


Q23. (a) Benzoic acid C,H,COOH Is a weak mono-basic acid K, = 6.4 x 10°* mol dm’. What is the pH of the buffer 
containing 7.2 g of sodium benzoate and 0.02 mol benzoic acid. 


} Ans. Given data: 

{ K, = 6.4* 10° mol dm? 
(ChH,COOH] == 0.02 mol dm? 
(CcH,COONa] =7.2g 


Requirement: 
pH of Buffer ==? 
Solution: . 
Using Handerson’s equation 
f pH <pke+ log Salll ; 2 
k [acid] . ; 
\ 2 ‘We need moles of C.H;COONa: ~ + 
, Mol. mass of C,H,COONa = 144 g mol” 
‘ ; Mass 7.2 - 
No. of mol —————. = — = 0.05 mol dm” 
\ eee Molar mass 144 - 
"1 Applying Handerson’s equation 
{0.05} ane 
. \ pH = pK, + 108 002) ~. (pK, =~logK,] , 
o 0.0: 
= ~1og6.4«10 * + ogo 
, = 4.19 + 0.39 
pH = 4.58 


r $ lution. 

Q23. (b) A buffer solution has been prepared by mixing 0.2 M CH,COONa and 0.5 M CHCOOHiIn 1 dm’ of so 
Calculate the pH of solution. pk, of acid « 4.74 gt 25°C, How the values of pH will change by adding 0.1 mole! 
NaOH and.0.1 mole of HC! respectively. as - 


eee 


Ans. Given data: 


[CH,COOH} =05M 
ICH,COONa] = 0.2M 

PK, of acid == 4.74 at 25°C 
Requirement: 

W) PH =? 

{n) Change in pH by adding base 


q ' 


ange in pH by adding acid 


A 
senolst 
Solution: 
() According to Handerson’s equation 


[Salt] 
pH = pK, + 108 acid) 
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(0.2) K 
= 4.74 + log—— = 4.74 
F105] + 1og0.4 
. pH = = 4.74 - 0.39 = 4.35 

(ii) Change In pH by adding 0.1 M NaOH: 

It results in an increase in concentration of salt and decrease in that of an acid so 
New data: 

(CH,COOH) =0.5-0.1=0.4M 

[CH,COONa]  =0.2+01=0.3M 


[Salt] 
H = pK, + log-—— 
is Pmt 8 acid] : 
03 
= 4.74 + log— 
474 8 4 
= 4.74-0.12 
pH = 4.62 


(i) Change in pH by adding 0.1 M HCl: 
It results in a decrease in concentration of salt and increase in concentration of H’ tons of acid 
New data: 


[CH,COOH) =0.5+0.1=0.6M 
[CH,COONa) =0.2-0.1=0.1M 


; (Salt) 
IH = pK, + log—=— 
, e 8 acid) 
(0.17 
= 4.74 + log— 
474+ ORG) 
" = 4.74 - 0.778 
= 3.962 < 
PH of Buffer = 4.35 


pH after adding 0.1M HCL =3.962 
PH after adding 0.1M NaOH ~ = 4.62 


924... The solubllity.of CaF, In water at 25°C Is found to be 2.05 x 10° mol dm”. What is the value of Ky at this 


= !#mperature, 


Ans, Given data: 


Solubility of car, = 2.05 x 10°* mol dm”? at 25°C 
Requirement: 


CaF; em Call) + 2F (a) 


1mol == 1mol+2mol 
2.05 x10 mol dm? mmm 2.05* 10‘ mol dm ' +2 2.05x 10 “mol dm? 
Kp = [Cation)[Anion] : 
Ke = [ca YU} | 
= [2.05  10°4][2 x 2.05 x 10° 
= [2.05 x 10°4I[a.1 x 10°4)? 


oo 


Cha 
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= 3.446 x 107"! 
K,, of CaF, = 3.446 x 107"! 


Q25. Solubility product of Ag,CrO, Is 2.6 x 10" at 25°C. Calculate the solubility of this compound. 
Ans. Given data: 

Kup of Ag,CrO, = 2.6 x 107 at 25°C 

Requirement: 

Solubility of Ag,CrO, =? 

Solution: 


ABsCIO, mem 28 4) + CrO%i) 
Let the solubility of salts is supposed as ‘S’ So 


: S meme 25 +5 
Ke = (Ag'FICrO,?) 
= (25)*(S) 
2.6x107 =4s? 
gh 264107 gg igs 
4 
YW = ¥esx107 
s = 0.1866 mol dm™> 


Solubility of Ag,CrO, = 0.1866 mol dm~ 


eee 
Example (1): 
The following reaction was allowed to reach the state of equilibrium 
2A jog) + Big) = Coq) 

The initial amounts of the reactants present in‘one dm! of solution were'o.50 Mole of A and 0.60 mole of B. 
At equilibrium the amounts‘were 0.20moles of A and 0.45 mole of:B and 0.15 mole of C; Calculate the equilibrium 
constant K, i Z 
Ans. Given Data: - 

Initial concentration of A= 0.50 moles 

Initial concentration of B = 0.60 moles 

Equilibrium concentration of A = 0.20 moles 

Equilibrium concentration of B = 0.45 moles 

Equilibrium concentration of C = 0.15 moles 
Required: 

Calculate equilibrium constant = K, = ? 
Solution: 4 

Equation 


~” 
2Aiva) + Biogy SM Cog) 
k, 
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ee lL 


(aP [B) 
7A) + Big) Cia) 
Initial conc (0.5) mol (0.60) mot (0.00) mot 
Equilibrium conc (0.20) mol (0.45) mol (0.15) mo! 
nce 
c (0.15) 
ei et 
[ay [B]  (0.20)" (0.45) 
1 pa lee 
« “*o04ax3 > 0.2 
K,.=8.3 
The units have been ignored for the sake of convenience. 
example (2): 


Ng and Hyp combine to give NHyy. The values of K, In this reaction at 500°C is 6.0 x 10". Calculate the 


value of Li for this reaction. 
us. Given Data: 


K=6.0x107 
T=500°C + 273 = 773K 
hequired: ~ 
Calculate the value of K, = ? 
Soutloni: The reaction for the synthesis of ammonia Is 
. Naw + 3Hag = 2NHyy 
The relationship between Kk, and K, . F 
m= K (RTO 
An = Number of moles of Products — Number of moles of reactants 
An=2-q=-z 
R= 0.0821 dm?atmk" mole” 
Substituting these values in the expression 
Ky = 6.0 x 10” (773 x 0.0821)? 
= 6.0 x 107 (63,5) * 
k, = £.0%107 
(63.5)? 


Ky= 1.5107 
The value Of k, is smaller than K;. Those reactions which take place with the increase in number of moles mostly 
Pave greater , than k. 


‘Sle (3); 


Sterification reaction between ethanol and acetic acid was carried out by mixing definite amounts of ethanol | 


= 1.5 x 10% 


and acetic acid al some mineral acid as a catalyst. Sample was drawn out of the reaction mixture to 
the Prscietp cape ih reaction. In one of the samples drawn after time (t), the conc. of the 
rPetles were found to be [CH,COOH] = 0.025 mole dm?, [C, HOH] = 0.032 mole dm®, [CH,COOCH,} = 0.02 


™ole dm, and (H,0) = 0.04 dm”. Find out the direction of the reaction if K, for the reaction at 25°C is 
a RS SS Se) 


382 Chapter 8 (Chemical Equilibrium) 
Ans. Given Data: : 
[CH,COOH] = 0.025mol dm? 
IC,H, OH] = 0.032 mol dm? 


[CH,COOC,H,] = 0.05 mol dm? 
{H, 0) = 0.04mol dm? { 
K. = 4 at 500°C 
Required: 
Direction of the reaction =? 
Solution: Esterification reaction is represented by the following equation. 


CH, COOH + C, HOH == CH,COOC, H, +H, 0 
All the substance are present in same volume of the solution, therefore K; is given by 
[CHsCOOC;Hs][H20] ~ 
[CH,;COOH][C,H,0H] 
Putting thé values of conc., at time *. 
0.05 x 0.06 

0.025 x 0.032 

The given value of K, for this reaction is 4 and 2,50 is less than K.- 

Therefore, The direction of the reaction will be forward to attain the equilibrium 

ets 
Example (4): 
What Is the percentage fonization of acetic acid Io, solution in which,o,1mole, of It hasbeen dissolved per 


dm’ of the solution? : 


Ans. Given Data: ‘ 
Initial concentration of acetic acid = [CH3;COOH] = 0.1mol dm? 
Required: 
Percentage ionization of acetic acid = ? 
Solution: 
Equation . 
CH,COOH === CH,COO'+ H’ Kg =1.85 x 10° 


Ratio = 


Ratio = =2.50 


Initialconc. — 0.10mole omole omole t=Osec 
Change in concentration due to ionization. 


.(0.1-x) mole == xmole xmole t= Equilibrium 


Ce>rentration at equilibrium 
(0.1-x) #010 == x mole +x mole 


because the value of x is very small as compare to 0.1 the reason is that CH,COOH is much'weak electrolyte 
cH,coo|/H*] x.x 
Ka omg 
'CH,;COOH) on 
Putting the value.of K, 
85x 105 = % 
1.85 x 1075 = — 
5 0.1 


or x 81,85 x 10° x 0,181.85 x 10° 
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g square root on both sides 
Ve = V1.85x10~ 
x= 1.3 x 10? moles 
Inother words {H*] = 1.3 x 107 mole dm? 
This is the amount of ionized acid 
Concentration of ionized acid 


Takin 


% age fonization = “Original concentration _* 100 
-3 . 
= 13x10" 100 
1 
=13 
Percentage lonization of acetic acid = 1.3 
ample (5): 


Calculate:pH ofa buffer solution.in. which 0. CH,COONa r solutions 
present. K, for.CH,COOH is 1.85 x 10% ae paar nears ig 
SSS gg 
ans, Glven Data: 
[CH, COONa) = 0.1M 
[CH;COOH) = 0.09M 
K, of CH,COOH = 1.85 x 10° 
Required: 
pH of Buffer solution = ? 
Solution = 
PK, = —logk, 
= -l0g1.8 x 10° 
=4.74 
PH= pK, + log an 


ont 
H= 4. west 

PH= 4.74 + log 0.09 

PH = 4.74 + 0.087 


PH = 4.83 : 
Sample (8): ——————————————————————— 


‘ss Glen Data 
teins trae RbF, = 0.6agdm® at 25°C 


town? 
First of all convert the concentration from gdm” to moles dm” 
Mass of PbF, dissolved dm? = 0.648 
Molecular mass of PbF, = 207.2 +19 x2 
. = 207.2 + 38 = 245.2g/mole 


-) 
Number of Moles of PbF, = 0.64gdm 
: 245.2gmol 


—— = 


—v 


Cc 
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= 2.6 » 10? mole dm? 


Balance Equation: 
j rr _ Poin) . F(a) 
i 26x10’ moledm” ° ° at t=0Sec 
j Zero mote dm’ 2.610" mole dm” 212.6 x10" moles dm” teeq 
The expression of K,, is , 


2 yee-t 
Kaw = [PD (an 1 LF (ay 
Putting values of concentration 
Ky = (2.6 x 107) (2 « 2.6 « 10%)? 
Ky» = 7.0*10* Answer 
ape: —— 


C2(0H), is sparingly soluble compound. Its Solubility constant Is 6.5 x 10°. Calculate the solubility of Ca(OH), 
Ans. Given Data: 


~~Solutitity constant $k, #6 S40 = 


Required: 
Solubility of Ca(OH), = 2 
Solution: H 
Baiance Equation — ' i 
Ca(OH), == Cafe) +20H(,) 3 
Let us suppose 


Solubility of Ca(OH), = $ 
Ca(OH); = Cafy) + 20H (5) 


s ° ° at t=Osec 
s s 2s t= equilibrium 


The concentration of OH” is double than the concentration of Ca, so 
Kew = (C2 (5) LOH faq) 


65% 10° «Sx (25)" ‘ 
6 2 
eS 
65*10 4S 


3 6 é'te 
seseng — AB EES I0 cere metic 
5 9.5x10% 
se 
4 
ua 
iz (see*) 
\ 
$= (1.625 x 109) . 
$= (1.625) x 10° * 3 
$= 4.175 x 107 
Hence At equilibrium stifge 
5 = (Ca™) = 1.175 x 107 mole dm? 
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sepa! 355 
(OH ] =2S=2« 1.195 x17 
= 2.350 x 107 mole dm? 
concentration of Ca" ions = 1.17510" moledm-? 


Concentration of OH” ions = 2.350% 107 moledm” 


Additional Questions 


= When the concentration of salt is increased in an acidic buffer than the pH of the Solution increases. Why? 
CH,COOHis @ weak electrolyte and dissociated to little extent in water When CH,COONa (Salt), which 
isa strong electrolyte is added to CH,COOH solution » the dissociation of CH,COOH's Suppressed ue to 
common ion effect of CH,COO- ions 
CH,COOH,,, + H,0,, == CH,COO",., + H,0,., 
CH,COONa,,, == CH,COO- 
Sincedissociation of CH,COOH is Suppressed, the conc of H 
the Solution Increases. 


[cH,cooH] [CH,COONa] _pH 
&,  Qlmoldm”. 0.00moledm> 2.74 BS ax 
OAmoldm~ 0.10moledm? 4.74 


KIO, ==3K",, +Cl0; 


(a) 
KCl oj Ke) +Cley 
The solubility of Sparingly soluble PbCrO, is decreased by the addition of Na,CrO, 
2 ot 
PbCrO,, = Poy +CrOy 


Na,CrO,.) ——=2Na*_ +Cr0;' 
4a) (a) (a) 


(ii) 


‘ What will be the effect of change In pressure on NH, synthesis? 
"NH Bas can be prepared on industrial scale by Haber process. In the process N,.and H, gases are reacted 
"oeetherto Produce ammonia gas'in a reversible reaction. 
Nay + 3Hy,, = 2NH,, AH = -92.46K) 
the reaction four moles of reactants produce two moles of product (NH, . Therefore the reaction proceed 
. . Now if we increase the pressure, the volume of 
mcion ese vo ae pose et papi ays prapind position shits to towards right. Hence 
Merease in pressure wit move the reaction in forward direction and yield of NH, is increased. 


Qa 


PPPPPPD p 


Chapter 8 (Chemical E; librium) 


A catalyst does not affect the equilibrium constant comment on It? 
A catalyst does not affect the equilibrium constant of a chemical reaction. A catalyst increases the rate of both 
forward and backward reactions and reduces the time to attain the state of equilibrium. The concentration of 
reactants and the products at equilibrium remain same. 
As, 
_ [Products 

* ~ [Reactants] 

Since concentrations of reactants and products are not affected, the equilibrium constant (K_ )remain-constant 


Important Previous Board Questions 


Why ts the manufacture of ammonia carried out at about 400°C when a lower temperature would favaour the 
formation of ammonia? ' 

How equilibrium constant "K_ “is used to predict the direction of reaction. 

How equilibrium constant, K explains the extent of reaction? 

When the concentration of salt is increased in an acidic buffer then the pH of the solution increases. Why? 
What is the effect of presence of common ion on solubility? Give example, 

In some reversible reactions direction of reaction is changed by change in pressure. Give reason. 

Why aqueous solution of salt derived from a very weak acid and a weak base may not be neutral? 

What is chemical equilibrium mixture? 
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bamples 


seuniform throughout the liquid phase. 
fiyaiz which is mainly composed of nitrogen and oxygen, exists as a gaseous phase. 


sary dalation 


tample . 

Solution of: ‘sugar in water 
Temary solution 

“A solution which consists of three components is called Ternary solution.” 
Eample 

The solution of salt, sugar and water is a ternary solution. 
Solvent ; 

“A substance which is present in a large quantity in a solution is called solvent.” 
bample : 

Water is a solvent in a sugar solution. 
Solute 

“A substance which is present in small quantity in a solution is called solute.” 
tample 

Sugar is a solute in sugar solution. 

“tration of solution 
“The amount of solute dissolved in a unit volume 0 
Of solution” : 


*ated solution 


Oye, neeneated solution.” 
Mite solution 


“A solution containing lower concentration of solute 


—— 


“Every sample of matter with uniform properties and a fixed composition is called a phase.” 


(Water at room temperature and normal Pressure exist as a single liquid phase. It means that all the properties of water 


“A Homogenous mixture of two or more kinds of different molecular or ionic substances is called a solution.” 


“A solution which consists of two components (solute and solvent) is called a Binary solution.” 


f solution (or a unit amount of solvent) is called concentration 


“A solution containing relatively higher Concentration of solute or low concentrati 


357 a} 


\ 


>a 


ion of solvent is called 


of higher concentration of solvent is called dilute solution 5 


Percentage c omposition 


(a) Percentage Weight / Weight: 


“It is the weight of a solute dissolved per 100 Parts by weight of solution,” 
Example: 5% w/w Sugar solution will contain 5 Bf sugar dissolved in 100 g of 


ight < Mass of solute 
6 OY Weigh ~ Nass of solution * 100 


“It is the number of cm! of a solute dissolved per 100 g of the solution.” 


Example: If we dissolve 10 cm’ of, alcohol in water and the total weight of: solution is 100 
alcohol in water. 


Note: In such type of solutions, we don't know the total volume of the solution, 
(d) Percentage Volume/Volume . 

“It is the volume of solute dissolved by 100 cm? of solution.” 
This unit of concentration is best applicable to the solutions of liquids in liquids. 
Example: 12% alcohol beverage is 12 cm? of alcohol per 100 cm? of solution. ¢ 


: Solute and the solvent. 
\ “The number of moles of solute dissolved per dm* of ‘the''sotutio is called 
aa molarity.” 
Unit ° 
Its unit is mol dm. 
Formula 
No. 


A Molarity = . of moles of solute 
OarHY = Volume of solution in dm? 
Molarity = __Massof solute s 1 
Molar massof solute Volumeof solution indm? 


make it | dm’ 
Explanation 


The amounts Of solute and solvent can be expressed in Percentage composition by four different Ways: 


solution, in water. This solution Contains 


8 then it is 10% viw Solution of 


Note: In such Solutions, the total volume of the solution may not be necessarily equal to the sum of the volumes of 


Molarity refers to the 
concentration in 
moldm”. Thus 2 
moldm™ and 2 Molar 
(or 2M) mean the same: 
2 moles of solute in 
Idm?of sotution. 

© Concentrations are 
sometimes referred in 


8.4m? 
© Na,CO, has a molar 
“concentration —of 


3 anda - 
9.190, mal, dm°? ani tf 
mass concentration 
10.6 = g  dm”of 


rtant/points 
<< widely used in concentration unit of solution, 
I. 


2 his temperature dependent concentration unit of solution. 


“The number of moles of solute dissolved Per I kg (1000 g) of solvent is called Molality.” 


vole Its unit is mol kg™'. 
formula 
Molality = Number of molesof solute 
Massof, Solventin kg 
ny = —_Massof solute 1 
Molality Molar massof solute  Massof solventin kg 
Bamples 


Expl 


- “The molality of solution is indirec: expression of the ratio of | the moles of the Solute to the moles of the solvent 
The molal aqueous solution of a solute say glucose or NaOH is dilute in comparison to its molar solution. The reason is 
that in molal solution the quantity of the solvent is comparatively greater. 


Important point 


Concentration Units: Various concentration units are used.Some are 
() Percentage composition 

)  Molarity ‘ 

(ii) Molality 


(\) Mole fraction . 
= Parts per million 
=— Comparison of molar and molal solutions 


(i Molar Solution 


Asolution which is prepared on the basis of 
Molarity (mol“dm7) is called molar 
Solution. 


A solution which is prepared on the basis of 
molality (mol kg”) is called molal solution. 


A molar solution is more concentrated than | A molal solution is dilute than a relative 
3 relative molal solution as it contains same | molar solution as same amount of a he 
amount of solute in lesser amount of Present in relatively larger’ amo 


solvent. : solvent, 


—o 


_— 


a a 


— 


3. {A volumetric flask 1s used to prepare molar | No volumetric flask is needed 


solution 


4. As molarity is temperature dependent, AS molality is independent of temperature, 
therefore molar solution is effected by | therefore molal solutions are not effected 
temperature by temperature. 


Example: 60 8 urea (1 mol) dissolved in one Example: 60 
dm’ of solution Bive rise to one molar (1 M) | kg (1000 g) water give rise to one molal (1 
urea solution ™m) urea solution. 


& urea (1 mol) dissolved in one 


Q5. (b) One has one molai NaCl Solution and one molal glucose solution. 
() Which solution has greater number of particles of solute. ; 
Ans. One moial NaCI solution contains greater number of particles of solute as 
NaC! emt Na’ + CI” 
NaCl being an electrolyte dissociates into ions. So in aqueous solution Ng (6.02 x 10”) NaCl formula units give 
2Ng (12.04 * 10”) ions 


On the other hand Blucose being a Non-electrolyte solute is unable to ionize. Therefore one mole (6,02 x 10”) 
Blucose molecules give Ny molecules in aqueous solution, 


(i) Which solution has greater amount of solvent? 
Ans. Both solution are one molal which mean that one mole of Solute dissolved per one kilogram (1000 g) of water. 


So both solutions contain same amount of solvent. , 


(ii) How do we convert these concentrations Into weight by welght percentage? 
Given data: (0) One mola! NaCl solution 


(i) One molal glucose solution. 
it means grr tine ? cf ae z 


w 58,5 @ mo! ' NaCl dissolved in 1000 8 Of water, so 


mass of solute =58.58 

Mass of solution = 1000 8 +58.5 g'= 1058.5 g 
(ii) 180 g glucose dissolved in 1000 8 H,0, so 

mass of solute = 180g 


mass of solution : = 1000 g + 180 = 180g 
Required: (i) w/w % NaCl solution =? 
(i) w/w % glucose solution =? = a - é 
Solution: , me : 
Mass of solute - -2505 
Fe la: oo (100 
ase wink * Mass of solution cH rele 
(i) w/w % of NaCi = — x 100 = 5.52% 


1058.5 


180 


(ii) w/w % of glucose = NTT * 100 = 15.2% 
Answers: (i) w/w % of one molal NaCl 25.52% 


(i) w/w % of one molal Blucose = 152% 


Since, the factor of mass is in denominator which 's temperature independent, so Molality does not change with 
change-in temperature. On other hand, 

_,, Number of moles of solute 
Molarity = "Volume of solution in dm? 


Volume is a temperature dependent factor. in Case of molarity volume is Present in denominator. Soa change in 
temperature will change the volume and therefore ™olarity of the solution will also be changed. Hence molarity 


depends upon temperature. 
06. (vil) One molal solution of urea in water Is dilute as compared to one molar urea solution. Although both contains 


same number of solute particles. 


as. The concentration of two solutions having same amount of solute is decided On the basis of amount of solvent 
The solution containing more amount of Solvent is dilute as compared to a solution containing lesser amount of 
solvent. 7 
One molal solution of urea contains 60 8 Of urea dissolved per 1000 8 of H,0 whereas one molar solution of 
urea contains 60 g urea dissolved per dm’ of solution. Since amount of water is greater in one molal solution 
than in one molar solution of urea therefore one molal urea solution is dilute as. compared to one molar 
solution. 


ction ( 
“The mole fraction of any component in a mixture is the ratio of number of moles of that 
component to the total number of moles of all the components present in the solution.” 

Importarit points 

* There is no formal units of mole fraction. 

* The sum of mole fraction of all the components of a solution must be equal to unity (1). 

* Wis temperature independent concentration unit of solution. 

* Thisunit of concentration may be for any type of solution ie: gas in gas, liquid in liquid or solid in liquid etc. 

* This unit is also applicable to a solution having more:than two.components. 

Uplanation : 

___ Let ® solution has three components’A, B and C. The number of moles are na, ng and nc respectively. If the mole 

fnetion of A; B and'C are denoted by xa, xm and Xc respectively then 


fn, 
x, = ae 
+ A, Ny +N : 
[ngisccno | az atone 
xy = —{etiseu ; 
n, Ang tNe 


eee A asi | 
n,tnytne | 
XAtXptxe =] ; 
Mole percent 


Mole percent = Mole fraction x.100 


4 Ans. Mole fraction: “The ratio of number of ‘moles of a component to total number of moles of all All th 
j components of the solution is called mole fraction of that component.” 
} Considering a ternary solution Containing three components A, B and C with 2,3, and 5 moles 
} Number of moles respectively 
m% =2mol 
uy =3 mol 
Ne =5 mol 
Ls FM +Ng ene 
mn =10 mol 


i Mole fraction of component A=%4= "4 = 2-02 
a, 


Mole fraction of component B = x5 = a. 2 =0.3 
‘ a, . 


}. Mole fraction of component C = x = a. - =0.5 
t 
As the sum of mole fraction of all components of the solution is unity, so 
4 - Xa + Xp t Xe = 
0.2+0.3+0.5. =1 

Hence it is proved that sum of mole fraction of all components of a solution is equal to unity. 
Parts Per Million (ppm) 

“The number of parts (by weight or volume) of a solute per million parts (by weight or volume) ~~. —~ 

of the solution is called ppm.” “a 
This unit is used for very low concentration of solution. ‘ 
Examples 
© To express the impurities of substances in water. 
© To express the concentration of pollutants in air. 
¢ To express the concentration of chlorine in public supply of, potable water. 
Formula 


Massof solute 
Massofsolation 
Interconversion of Various Concentration Unitsiof Solutions 

Sometimes, we get prepared solutions from the chemical supply houses. For example, we are working’ with a 
solution whose molarity is given by the supplier, but we need to knowiits molality,or.w/w. percentage. For such purpose, 
we need to convert one unit of concentration into other, These conversions, are usually done, if we know the formula 
masses and the densities of the solutes or solutions. Following table shows the five important chemicals whose w/w%, 
molarities and densities are given. One shouldbe able to interconvert-these. ion units into each other and 
moreover to molalities and mole fractions for laboratory work. 


Parts per million (ppm) = *10° 
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i ITE ae eee 


Given Data: 
w/w percentage of solution = 8% 


Molality (m) = ? 


Molality Is the number of moles of solute per kg of solvent: 
8%.w/w NaCl solution means that 8gm of NaCl are dissolved in 100 of solution, 
So mass of water in solution = 100 - 8 = 92g - 


Number of moles of NaCI = ais = 0.1367mole 


92g 
Mass of water in kg = ooo = 9-092kg 
Number of moles of solute 
Mass of solvent in kg 


_ 9.1367moles 
~  0.092kg 


Molality = 1.487moles kg” 
Ecample (7): 


Hydrochloric acid available in laboratory Is 36% (w/w). The de: Of HCI sol U iy 
etliGissies sity lution is 1.19gcm”. Determine the 


Ms. Glen Data: f 
Hydrochloric acid = 36% (w/w) 
Density of HCI Solution = 1.19gem? 


Molality (m) = 


= 1.487 moles kg” 


Molarity of HCI solution = ? f 
36% (w/w) HCI solution means that 36g of HCI dissolved in 100g of solution. ‘d 
MASS oF HCI = 36g 


Mass of salution = 100g 
In 
(ase of Molarity, the final volume of solution is 1000cm’. Convert this volume into mass } { 


fg Mass ‘ y 
Density = Volume 
Mass = Density x Volume 
: 255 See aes meee 
= 1-19 & 1000 = 19908, 
NOS oF Solan NES HCI = 368 ~ 


"BOF solution has HCI = 38 


1 
908 of Solution has HCI = 3 x 1190 


= ea ee Chapters (Solutions) 
= 428.48 


Molar mass of HCI = 36.5¢/mole 
Number of moles of HCl, in 428.4g of HCI = us 
211.73 


Molarity of HC! = 11.73molesdm” 


“e—etinaeeretraerwtslieae thy 


Example (8): 
9.2 molar HCIO, ts available from market. The density of this solution is 1.5agcm”. What Is the Percentage 


by weight of HCIO,. ; 
Given Data: —=— 


Molarity of HCIO, = 9.2g mole dm? 

Density of Solution = 1.5agcm? 
Required: 

Percentage by weight of HCIO, =? = 
Solution: 

Let us calculate the mass of solution, which is 1m? in volume and has 9.2 moles of HciO, in it. 

Mass = Volume x Density 
Mass of 1000cm? solution = 1000¢m? x 1.54gdm? 
‘. = 15408 
Molar mass of HCIO, = 1 + 35.5 + 16 x 4 = 100.5g mol” 
To convert 9.2 moles of HCIO, into mass: 


Mass 7 
Mole= Molar Mass . 


Mass = Mole x Molar Mass = 9.2 mole x 100.5gmole* 
= 924.68 
\ Mass of water (H,0) = Mass of solution - Mass of HCI0, 
’ = 1540 - 924.6 = 615.48 
Massof HCIO, 100 
Massof solution 
9246 
1540 
= 60.013 
% of H, O by weight = 100 — Mass of HCIO, 
= 100 - 60.013 = 39.99 
% of HCIO, by weight = 60.013% 


5 
Q6. (ili) 100 g of 98 % H,SO, has a volume's4.34 cm! of H,5O, (density = 1184 g cm”) 
Sr ee 


Ans. — Given: 
Mass of 98% H,SO, solution 
' Volume of solution 
Density 


4 
? 


% of HCIO, by weight = 


100 


=1008 


= 54.34 cm? 
= 1,84 g cm? 


Petr Due.te hydrogen bonding, it has tightly bound molecules, so it will not be dissolved by solvents like kerosene oil 
the gy 9 ZENE ete. It. will be dissolved readily in water. because water attracts sugar molecules almost in the same way as 
hon, Molecules attract one another. 

le SOllds 
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Prove: 
Mass per unit volume is known as density, 
Mass 
Density = Volume 
Mass 
volume = Density 
_mMm __ 100g 
v saree 1.84 gcm> = 54.34 cm? 


So it is calculated that 100 § 98 %H;so, 


ypes of Solutions 


There are nine possible types of solutions; 


Common Types and Examples Of Solutions 
State of Soivent 


has.a volume Of 54.34 cm? of H,SO, 
F 


State of Solute 
Examples 


Hy 


nmolecular crystals {* 
These a lecular crystals, the intermotécular forces’ of attraction are either dipole-dipole or London dispersion type 
iohenee are-relatively-weak-and can easily be overcome, Hence, non-polar or less polar molecular crystals usually y 
lh ' non-polar solvents like benzene. aye F 
ystalilattice WERT Ye ) 
on Srystal lattice, the inter-molecular or inter-ionic forces of attraction between highly polar molecules or ions are s 
Oercome hence the Polar solids fail to dissolve non-polar solvents, These Strong electrostatic forces cannot be i? 
or shattered by the weak solute-solvent attractions. b 
Sfcane sugar. y 


The thter-ionic forces of attraction are very strong in ionic solids, so equally strong polar solvents are needed to 
Mm. Suich solids cannot be dissolved by moderately polar solvents. ¢,g. Acetone, a moderately polar solvent 
lve Sodium chloride, which is an ionic solid. 


Se 


Principle 
Thus, the solubility principle is, “Like dissolves Like.” 


Solutions of Liquids in Liquid 


The solutions of liquids in liquids may be divided into three classes. 


(i) Completely Miscible Liquids 

The liquids which dissolve in each other in all proportions are called complete 
Examples 
© Water and ethanol. 
© Ethanol and ether. 
Important points 
e The properties of such solutions are not strictly additive. 
. Generally, the volume decreases on mixing (if the new forces formed are 
© Heat may be evolved or absorbed during the formation of such sotetions. 
° These types of solutions can usually be separated by fractional distillation 
(li) Partially Miscible Uquids 

Those liquids which dissolve into each other up to a limited extent are call 
dad eth ea cahy) are partially miscible liquids. Ear dissolves water 10 Ce 
dissolves ether up to the extent of 6.5%. 


: 
‘As the mutual solubilities are limited, the liquids are onty i ty miscible. On shaking, equal volumes of water 


and ether two layers i gud ayer so satarecd solution ofthe ater liquid. Such solution we be 


conjugate solutions. 
Conjugete solutions 
“Those solutions or liquids layers which 


ly miscible liquids. 


stronger) but in some cases it increases 


led the partially miscible liquids. Water 
extent of about 1.2%. Water 


are the saturated solution of each other are called conjugate solusions 


egal vhames ch wera peck are mise eget, ty som partial miserly 
ba room temperaune m 
Te at wd oom empress wit nave af we in Oe 
dn ae a cere a eae ring ote lower, te wpe Sees Se oe 
oc stations are conjugate sokutions 10 each othe Ne ie 


water and the lower layer 1s }(P/ water in - 
layer has 2 greater density due to greater percentage of pheno. Water acts 0s a solute inthe lower layer while 
solute in the upper layer 
At increased temperature 
water starts 


When the temperature of water-phenol system is increased, the compositions of both layers change. “@ 
travelling from upper to lower layer and phenol travels from lower to upper layer. When the temperature of this eer 
approaches 65.9°C, a homogeneous mixture of two components is obtained. This homogeneous mixture contains 
phenol and 66% water. This temperature of 65.9 °C is called critical solution temperature of water - phenol system 
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Temperature / Upper Consulate Temperature 
erhe temperature at which two conjugate solutions merge i  anothe 
pia 8 sonslatertemperaturd or Sitical spliniok nike Pirie another to form homogeneous solution is 
pomoles aniline system has-a single layer at 167.0°C with 15% water. . 
0 ol cyclohexane system has upper consulate temperature of 49.1°C with 29% methanol. 


Those li : 
Jes: (I) Water and benzene (H5O+C,H,) 
esl and Non-ideal Solutions 
two or more than two liquid-substances are mixed, the solution be id ides istingui 
se oem trade ax CF llowing aspee d s may be ideal or non-ideal. To distinguish 
forces of interactions between the molecules of different components are same as when thi 
Joke sa abe ponents ar e as when they were in the pure 
ution is not equal to the sum of the individual volumes of the components, the solution is non- 


Oe are 
ithe volume of so! 
ideal. - 

Ideal solutions have zero enthalpy change as their heat of solution. 
(i ifthe solutions obey Raoult’s law, then they are ideal. This is one of the best criterion for checking the ideality of a 


@. . what are non ideal solutions? Discuss their types and give three imple 
rison between ideal and Non-ideal Solutions 


Compa! 
deal sol Non-deal solutions - 
ie Tagaivedvtn on Rood 
1. Obey Raoult’s law at every Do not obey Raoult’s law ee 


range of concentration. 
SH, <0. Exothermic dissolution, 


heat is evolved 


BH,,, > 0. Endothermic 
dissolution; heat is absorbed. 


AV. « 0 Volume ts decreased 


during dissululion. 


AV,., 7 0. Volume is increased 
after dissolution. 


3. AV, = 0; total volume of 
solution is equal to sum of volumes 
of the components. 


Pp + Pa 7 PX, + PXe 
a 6 


PP, >P-Xa; Pa P.Xn 
a é 


A-B attractive force should be 
greater than A-A and B-B attractive 
forces. ‘A’ and *B’ have different 
shape, size and character 


A.B anractive force should be 
weaker than A-A and B-B 
attractive forces. “A” and “B’ have 
different shape, size and 
character. 
=A" and ‘B’ escape easily 
showifg higher vapour pressure 
than the expected value 


5. A-A,A - B,B - B interactions 
pra same, i.c.,"A’ and “B’ 
fe ical in shape, size and 
Pe, 


Escaping tendency of both 
components "A and *B’ 1s lowered 
showing lower vapour pressure 

than expected ideally 


§, Escaping tendency of ‘A’ and 
should be same in pure liquids 
and inthe solution 


se 
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Examples: 

acetone + aniline; 

acetone + chloroform; 
CH,OH + CH,COOH; 
H,0 + HNO; 

chloroform + diethyl ether, 
water + HCl, 

acetic acid + pyridine: 
chloroform + benzene, 


Examples: 

acetone + ethanol; - 
acetone + CS; 

water + methanol; 
water + ethariol; 

CCl, + toluene; 

CCL, + CHCl; 

acetone + benzene; 
CCI, + CH;OH; 
Cyclohexane + ethanol. 


Examples: 

- | Dilute solutions; 
Benzene+toluene; - 
n-hexane+n-heptane; 
chlorobenzene + bromobenzene; 


ethyl bromide + ethyl iodide; 
n-butyl chloride + n-butyl bromide. 


Q13. What is Raoult’s law? Give its three statements. How this law can help us to understand the Ideality of a 


solution. . 
mes 
Raoult’s law can be defined in three ways: 
Statement 1 
“The vapour pressure of a solvent above a solution is equal to the product of the vapour pressure 
of pure solvent and the mole fraction of sotvent in solution.” 
Mathematical form 
"p= p% a0) 
Where, . 
p = Vapour pressure of solvent in the solution 
p° = Vapour pressure of pure solvent 
x, = Mole fraction of solvent 
Statement 2 ; 
“The lowering of vapour pressure is directly proportional to 
Mathematical form 
From eq. (i) 
ek p =P% 
We know that, 
x +X =1 
or x =1-% : : a 
Putting the value 


the mole fraction of solute,” 


=p%(1 - m2) * 
=p"- p’x: 

= p’x: 
=p’ : il) 
Where, P 
= lowering of vapour pressure 
= mole fraction of solute ’ ‘ = =_—s 


Statement 3 
“The relative lowering of vapour pressure is equal to the mole fraction of solute,” f 
Mathematical form ° 
Fromeq.(ii) -  - * _ Sitar 


f 
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Ap = px: 


MP a, 


— «iii 


10808 tive lowering of vapour pressure 
bee independent of the temperature. 
OF upon the concentration of solute. 


w isconstant when equimolecular proportions of different solutes are dissolved in the same mass of same solvent. , 
a po) Ralative lowering of vapour pressure is independent of temperature. 


jf the statements of Raoult’: “Thi i 
‘according to one oO} ‘aoult’s law “The relative lowering of 
mole fraction of solute.” 8 Of vapour pressure is equal to the 


Ap 


ee 
while mole fraction of solute means “The ratio of number of moles of the solute to total number of moles of the 
solution.” 
’ : n, 
% = = 
n, +n, 


Mole is an expression of atomic mass, molecular mass, formula mass or ionic mass of a substance in grams. As 
mass is independent of temperature therefore mole, mole fraction and ultimately relative lowering of vapour 


pressure - is also a temperature independent element. 


ULT’S LAW (when both components are volatile) ‘ 
Raoult’s law can be applied to understand the relationship between mole fractions of two volatile components and 
their vapour pressures before making the solution and after making the solution. 
Consider two liquids A and B with pressures p, and pg in the pure state at given temperature 
After making the sdlution, the vapour pressure of both liquids are changed. Let the vapour pressure of these liquids in the 
solution state-be px-and:pg-with-their mole fractions x, and xp respectively. ms 
Applying Raoult’s law to both components. 


Pa = PAX, 
Pa, = PpXp 
P= P,t+Pp - 
= pix, + PpXp (where P; is total vapour pressure) 
Since Xatxp =1 
Xp 


Be 
PL = pax, Pe —PX, 
PL = (pi, -Pp)Xa + Pe hee, apour pressure of A is 
Pate’ component A is low boiling liquid and B is high boiling liquid. The 
th erature. The equation (i) is a straight line equation. 
Phical &xplanation 
Ifa graph is plotted between xs or mole % 


more than B at a 


of B on x-axis and P, on y-axis, & straight line will be obtained. 
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Only those pairs of liquids give straight lines which form ideal solutions. So, Raoult’s law is one of the best 
criterion to judge whether a solution is ideal or not. 


All the possible solutions of two components A and B have their vapours pressures on the straight line connecting pi, 


with py. All such solutions will be ideal, Each point on this line represents the vapour pressure of solution at a given 


temperature. 
The two dotted lines represent the partial pressures of individual component of solution. They show the increase of vapour 


pressure of a component with increase in its mole fraction in solution. ‘ 
In order to explain it, consider a point G on the straight line. This point represents the vapour pressure of solution with 


30% moles contribution of the component B and 70% moles contribution of component of A. Since A is more volatile. so 
bya, The contribution of. the less_yolatile 


its contribution towards the vapour pressure of solution.is.rep! c 
component B is represented by Pa. Similarly, we can calculate the relative contributions of A and B towards the tol 


vapour pressure by taking their points along the line joining p, t Pe: 


Conclusion 
The total vapour pressure of the solution (P,) corresponding to the point G will be equal to the sum of the vapour 
the figure. 


pressures of the individual components (pa + Pa) aS shown in 


Q6. (viii) Non-ideal solutions do not obey the Raoult’s law: ‘ 
In non-ideal solutions, the solute-solute interactions and solvent-solvent interaction are not equal to solute- 
solvent interaction. These forces or interactions are either greater or lesser than that of pure components. 
Therefore the volume and enthalpy of solution are not equal to sum of volumes and enthalpy of components 


Ans. 


ie., ° 
V#V,+V2 or AV#0 
H#H,+H, or AH#0 


Therefore non ideal solutions do not obey Raoult’s law. Hence they are called non-ideal solutions. 


apour Pressures of Liquid-Liquid Solutions} 
Binary mixtures of miscible liquids may be classified as: : 
(i) Ideal solutions 
(ii) Non-ideal solutions 
The vapour pressures of solutions provide a simple picture about their behaviour. 

ideal solutions > 

“Those solutions, which obey Raoult’s law are called ideal solutions.” 

In ideal solution: 


NAPE ML 

" Y if | a Nl | 
forces of interactions between the molecules of diff é at 

i i i erent ci 

. yolume of the solution is equal to the sum of individual uae are same as when they are in the pure state. 

¢ pave zero enthalpy change as their heat of solution i., AH = er of the components ie., AV = 0 


j ; Some typical ideal solutions forming liquid pairs are: chlorobe - 
nzene-bromober 


ie, benizene-ether, benzene-toluene etc. mzene, ethyl iodide-ethy! 


promi 
Generally, those liquid compounds, which have similar structure and polarity form ideal sol 
y ideal solutions. 
“OL i Explain fractional distillation. Justify the two curves, when composition i 
aos is plotted against boiling point of 
ional Distillation of Ideal Mixture of Two Liquids 
| distillation 


“A type of distillation in which the components i 
difference in their boiling points is called fractional aaaae sping aenelasaags 
lon-temperature graph 


Let us have two liquids A and B, which form a 
ely miscible solution. A is a more volatife component so once tn 


its boiling point is less than B. If we have various solutions of £5 
these two components and a graph is plotted between x 
composition on X-axls and temperature on y-axis, then two z 
coves are obtained. H 
+ The upper curve represents the com ition of the : H 
of different solutions. oe eee i 


« The lower curve represents the composition. of the liquid ~ 


mixtures. 
The * ieSghat at pers soa 7 4.0 B mote % of 8 
reason i: at any tet iti r an 
y temperature, the composition of As00 ~ ik 100.04 (mote % of A) 


vapours is different from the composition of liquid mixture. 
Consider the temperature, corresponding to the point G. It is the 
boiling point of solution corresponding to composition I. It meets 
liquid curve at point H and the vapour curve at the point C. The 
composition of liquid mixture corresponding to the point H is 
shown by the point I. At the point I, the mixture has greater 
percentage of B and less percentage of A. While at the same 
re perature, the vapours of the mixture have the composition K. 
on K, the percentage of A is comparatively greater than B 
we compare it with composition of liquid mixture 
Betis = to point I, Because A is a low boiling liquid, it is 
thea inthe vapour state in greater percentage than at point I. 
oie yap or the mixture is maintained corresponding to 
Tesidye vy distillate will have greater percentage of A and 
faction ill have greater percentage of B. The reason is that the 
ner to distillate is that which is in vapour state and it 
again ie Percentage of A. The distillate of composition K is 
rae ited to distillation. Its boiling point is X, and at this 
isillate re the distillate of composition Z is obtained. This 
ila moh composition Z is further distilled. In this way, the 
nd more 41 ‘omes more and more rich in A and residue is more 
at rich in B. So, process of distillation is repeated again 
Bain to get the pure component A. Thus we can completely 
te the components by fractional distillation. 


Composition - temperature curve of an 
ideal solution 


Cold water in 


receiver 
flask 


aqueous 
ethano! 
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Zeotropes 
Those solutions, which can be distilled with the change in their composition, are called zeotropes or zerdtropic 
mixtures “ 
Example 


Mixture of water and methanol is a zeotrope which can be separated by fractional distillation: 
Nor-ideal solutions ’ J 

Many solutions do not behave ideally. They. show deviations, from Raoult’s law. due.to. differences in. their 
molecular structures i.e.-size, shape and intermolecular forces. Formation of such solutions is accompanied by, changes in 
volume and enthalpy. The.vapour pressure deviations may be positive or negative in:such solutions: 

The deviations of non-ideal solutions from Raoult’s law areof two types abl oipalt 3 

(a) Positive deviations 

(b) Negative deviations 


OSS 

Q.6 (vi) The total volume of the solution by mixing 100 em” of water with 100 cm® of ethylalcohol may not be equal to 
200 cm’. Justify it. 1578 

Water is a polar angular molecule having hydrogen bonding between its molecules. 

Similarly ethyl alcohol also shows hydrogen bonding due to presence of -OH group. 

When both the liquids are mixed’the volume of solution is slightly greater than sum of-individual volumes of 

both components due to two reasons. 

(i) hydrogen-bonding between water and ethyl alcohol molecules is comparatively weaker than individual 
components. r . ’ 


Ans. 


Due to bent structure of both molecules, during mixing the molecules entangle with each other leaving some 
spaces between them. ‘ ‘ 
Mathematicaily we can say that volume of solution is greater than sum.of the volume of water and volume of 
ethy! alcohol. This shows that this mixture deviate from Raoult’s Law. a 

(a) Positive Devi ; 

If a graph is plotted between composition and vapour pressure of a solution which shows positive deviation from 

Raoult’s law, the total vapour pressure curve rises to a maximum. 

In these solutions: 

(i) The vapour pressure of some of solutions are above the vapour pressure of either of the pure components. 

(ii) The boiling point of the mixture is lower than either of the component liquids. 

(iii) The volume of the solution is greater than sum of volume of individual components. 
(iv) Formation of these solutions is endothermic i.e. AH=+ive U 
Graphical explanation 

g Let us consider the mixture of A and B components at pointC. is 
At point’©, the mixture has the highest vapour pressure and ,therefore, the lowest boiling point. On distilling this PE. of 
sofution, the first fraction will be a Constant boiling point mixture i.e. azeotropic mixture having a fixed composition 
corresponding to the maximum point, For this type of solution, it is not possible to bring about complete separation of 
components by fractional distillation. 
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enol 


le F F . 
gatP es anol-water mixture is an example of this type. It boil °C wi 
Bthast cohol. 78.1°C is | t boils at 78.1°C with 
i) ya 00°). 's lower than the boiling point of ethanol 
- nt 
soe 


ur pressure 


/apo' 


h is plotted between composition 
is shows ‘negative deviation from ah Hts ‘Gakeats, 
tion curve rises to a minimum. 
solutions: 
ur pressure of some of solutions are below the vapour pressure of either of 
ple polling point of the mixture is higher than either of the component liquids. 
a The volume of the solution is lesser than sum of volume of individual components. 


yFormation’ of these solutions is exothermic i.e. AH=-ive 
( 


gaphical explanation 

Let us consider a point E in the graph: Here, the more volatile compongnt A is in excess, Or ili 

A i a * . distill 

slo, the VapOurs will contain more of A and the remaining mixture becomes richer in less volatile pesiriachyy 
Finally, We Teach the point D where vapour pressure is minimum and the boiling point is maximum. At this point, the 
ixture will distill unchanged in composition. Therefore, it is not possible to separate this type of solution completely into 
: y 
tample j 

Hydrochtoric-acid-sojution in water is an example-of-such kind of solutions. HC! form: azeotropic 
with water, boiling at 110°C and containing 20.24% of the acid. Pa: ng 


@> vi 


100-0 Composition 0.0= A 
0 100.0 =B 


Non-ideal solutions and 
azeotropic mixtures 


the puré components 


ythe 


@,(a)| What are azeotropic mixtures? Explain them with the help of graphs? 


Weotropic Mixture 


“Those mixtures which boil at constant temperature and distill over without change in composition at any 
temperature like a pure chemical compound are called azeotropic mixtures or azeotropes.” : 
tamples * 
‘ Mixture of water and ethanal (ethanol 95.5% and water 4.5%). 
* Mixture of water and HCI (HCI 20.24% and water 79.76%). 
portant polnts 


vate aps sahceres cannot be distilled by fractional distillation because they have same composition in distillate as 
due. 


toe mixtures cannot be regarded as chemical compound as changing the total pressure along with boiling point 
eit composition, Whereas, for a chemical compound the composition remains constant over a range of 
Pressure. 


, : 
Tes ofareotropic mixtures 
mixtures are of following two types: 
Minimum boiling point azeotropes 
zim boiling point azeotropes are obtained | Maximum boiling poin es 
solutions showing positive deviation. solutions showing negative deviation. 


Boiling point of such solutions is less than their | Boiling point of such mixtures is greater than their 
Somponents, components. 


Maximum boiling point azeotropes 


4 
4 
} 


HNO, 100 68.0 


% of water —» 
Water-HNO, system L-Liquid 
{Maximum boiling azeotrope) V-Vapour 


pmo | cron [| 


65% Pyridine | 139.0°C 


Fenenceon | wrchactms | 6 | 
ee 


negative deviation cannot be fractionally distilled at their specific 


% Composition of 
~ ateotrope 


Q8. (b) The solutions showing positive and 
compositions. Why? 


Ans. A solution (zeotropic mixture) can only be fractionally distilled when the compositions of liquid and vapour 
phases are different. aor ae oe aie == 5 - 
A fraction is distilled over again-and again to.get-more-volatile-com! 


residue of fractional distillation. : 
Non-ideal solutions showing positive or negative deviation, from,Raoult’s law, cannot be fractionally distilled ata 
t solution is same. 


specific composition because the composition of liquid and vapour. phase of.the' 
ure of fixed composition is obtained called azeotropic mixture a5 2 
otropic mixture showing positive 


ponent ithe distillate and.less volatile in 
— : 


Whenever distillation is performed a mixt 
distillate or residue. For example, 95.5% ethanol solution: in H,O is an aze! 


deviation. 
“The concentration of the solute in.the solution when. it is, in equilibrium, wi 
temperature is called solubility.” 


ith solid substance at a particular 


or 
“The amount of solute dissolved in a solvent to give.a saturated solution: aty@ particular temperature is called 
solubility” 

Representation 


Solubility iy expressed in terms of number of grams of solute in 100 gof solvent. 
Examples pie pater : 
© Saturated solution of NaCI in water at. 0°C contains 37.5.8 of NaCLin.100.2 of water. 
© The solubility of CuSO, in water at 100°C is 75:4 g/per 100 g of water andiat.0°C is 14.3¢/100g of water. 
Determination of solubility 

To determine the solubility of a substance, & saturated solution of-a solid is prepared at @ constant temper 
Then this ‘solution is filtered. A known volume of this solution is evaporated in a china dish and from the mass © 
residue, the solubility can he calculated. : =* 
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“A graphical representation between 
solution is called solubility curve” "PME and solubil 
of solubility curves Bg 
golubility curves are of following two types: 
i) Continuous solubility curves 
rf) Discontinuous solubility curves 
continuous solubility curve 
These curves don't show sharp breaks 
oe anywhere, i 
() Straight fine ———+ NaCl, KCI, NaNO nee 
fi) Abrupt curve ——+ KCIOs, KiCri0>, KNO), PINOs), 
" ) 


g33883 


Solubility 


_———— 
‘Temperature CC) 


a) Decline curve ———> Cex(SQ,);, Li,CO, Continuous solubility curves 
Ce, (SO,),shows the exceptional behaviour whose solubility 
decreases with the increase in temperature and bec ; sane 
40°C onwards. Anyhow, it shows continuous solubility uve. as oes bee 
Discontinuous solubility curves $120 
Sometimes, the solubility curves show sudden z 
aptes, ch s 
Solubilities and these curves are called discontinuous Seas eee i 7 
eg. NaxSOs.10H;0, CaCl:.6H,0 ete. : mek 
£ 
Actually. these curves are combination of two or more solubility 
curves. At the break, a new solid phase appears and another solubility Hm) la) 
$ 60 80 100 x-axis 


curve of. that new phase begins. It is the number of molecules of water 
crystallization which changes and hence solubility changes. 
Fractional Crystallisation 
rom It is observed that the variation in solubility with temperature is different for different substances. For example, 

change in solubility in case of KNOs, is very rapid with changing temperature, while such a change is more gradual in 
other cases like KBr, KCl, alanine, etc. These differences in the behaviuor of compounds provide the basis for fractional 
crystallization, which is a technique for the separation of impurities from the chemical products. . 

: By using the method, the impure solute is dissolved in a hot solvent in which the desired solute is less soluble 

than, impurities. As the hot solution is cooled, the desired solute being comparatively less soluble, separates out first from 
the mixture, leaving impurities behind. In this way, pure desired product crystallizes out from the solution 


Temperature °C ——> 


Discontinuous solubility curves 


Qio.(a)What are colligative properties? Why 212 they, 


COLLIGATIVE PROPERTIES OF SOLUTIONS 
number of solute and solvent molecules or 


“Th ies ; = h depend upon the ol - 
ites el pei of asa te solute are called calligative ape ; 
The word colligative is derived from a Greek word. “Collegatus” meaning collected together 
fe ative properties of a dilute solution 
me, are the colligative properties of adi 
(ii) th ng of vapour pressure. , 
il) De ailon of boiling point. 
ivy oo of freezing point. 

Motic pressure. 


Jute solution. 


i 
+ 
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The practical applications of colligati i igati 
= igative properties are numerous. The study of colligative properties hi i 
us with methods of molecular mass determination and has also contributed to the development of solution theaiy Prnvidea 


Why some of the properties are called colligative 
The reason for these properties to be called colligative can be explained by considering three solutions. 


6g Urea 18g glucose 


. St a 
lkg water Ikg water 


Let us take 6 g of urea, 18 g of glucose and 34.2 g of sucrose and dissolve them’separately in | kg of H,0. This 
will produce 0.1 molal solution of each substance. Pure, HO has certain value of, vapour pressure at a given temperature. 
In these three solutions, the vapour pressures will be lowered. The reason is that the molecules of a solute present upon the 
surface of a solution decrease the evaporating capability. : 


Variation in the vapour pressure 


34.2g of sucrose 


Apparently, it seems that sucrose solution should show the maximum lowering of vapour pressure while urea 
should have the minimum lowering of vapour pressure. The reality is that the lowering of vapour pressure in all these 


solutions will be same at a given temperature. Actually, the number of particles of the solute in all the solutions are equal. 
We have added 1/10" of Avogadro's number of particles (6.02 10”) . The lowering of vapour pressure depends upon 
the number of solute particles and not upon their molar mass.and structures, Well, it should be kept in mind that these 
three solutes are non-volatile and non-electrolyte. 

Variation in boiling points and freezing points 


The boiling points of these solutions are higher than that of pure solvent. It is observed that the boiling poim . 


elevation of these three solutions is 0.052°C. Similarly, freezing points will be depressed for these solutions and the value 
of depression in these three cases is 0.186°C. The reason again is that the elevation of boiling point and the depression of 
freezing point depend upon number of particles of solute. 

For one molal solution ¥ - 

Now, let us deduce the values of elevation of the boiling point and the depression of the freezing point of water 
for | molal solutions. For that purpose, try,to dissolve 60 g of urea, 180 g of glucose and 342 g of sugar separately in Tke 
of water. The elevation of boiling point and depression of freezing point of water will b 0.52°C and1.86°C, respectively. 
All the three solutions will boil.at-100.52°C.and freeze at -1.86°C,- These_values of_¢levation. of boiling point and 
depression of freezing point are called molal boiling point constants and molal freezing point-constants of H,0 denoted 
by K, and Kr respectively.” rae = : PEISEER i 
Molal boiling point constant (ebullioscopic constant) ; ; 

“The elevation in boiling point of a liquid, when one mole of a hon-volatilenon-electrolyte solute is dissolved in 


one kilogram of a solvent is called molal boiling point constant or Ebullioscopic constant.” 
It is denoted by K, : 


Molal Freezing point constant (eryoscopic constant) 
“The depression in the freezing point of a liquid, when one mole of a non-volatile, non-electro! 


dissolve in one kilogram of a solvent is called molal freezing point constant or Cryoscopic constant.” 


@ = Itis denoted by Ky, 


. Sn eal 
SNOT S10 Ca ee aaa 


yte solute is 


© These constants depend upon the nature of solvent and not upon the nature of solute. 


To observe the: Colligative properties, following condit 
(i) Solution should be dilute Conditions should be fulilled by th 

(ii) Solute should be non-volatile es 
(iii) Solute should be Non-electrolyte 


solvent molecules or ions.” 


With the change in number of particles, the Colligative 

In case of electrolyte, the number of particles of Properties change. 
hence the colligative properties change. For pe ane 
MgCl, solution, all have different colligative open 
solute should be non-electrolyte to study cole fates 


ric in solution due to ionization of electrolyte, 
aie urea solution, 1 molal NaC! solution and one molal 

jue to different number of solute particles. Hence a 
perties. 


In case of concentrated solution, i 

| , Solute particles form cluster 

e Hecte |. Therefore only dilute solutions are used to study pooped SO tree 
ffected. Th perties. 


Qo, (b) What Is the physical significance of K, and K,. 


aoa 
Ans. Moll : i 
I boiling point constant (K,): The elevation of boiling point of the solution when one mole of non- 


volatile and non-electrolyte solute is dissolved in vent me 
issolved in one kg of solvent is call i 
cf is called mola! boiling point constant o1 


= freezing point constant (Kj): The depression in freezing point of solution when one mole of non- 
e Ctrolyte and non-volatile solute is dissolved in one kg of solvent is called molal depression in freezing point or 
Cryoscopic constant. 


Unit: Both are expressed in °C/m. Their values depend upon nature of solvent. 
Significance: By knowing these values, one can guess the change in colligative properties due to different 
concentration of solute or using an electrolyte solute. 
@g., Ky for water iso.52°C/m 
K; for water is 1.86°C/m 


%t. How.do you explain that the lowering OL vapour pressuré Isa colligative property? 
hi nider atile, non-electrolyte solute in a volatile solvent? 


How do we measure the molar mass of a nonvo 
lowe 
“cring of Vapour Pressure 


Ina pure liqui A from all over the surface o' 
‘ iquid, the particles can escape bi , 
fig ved ina solvent, the escaping tendency of solvent particles from the si 
towered: ff vapour pressure ofa solvent due to addition of non-volatile and 

7 


A quantitative relationship between the change 
by Raoult 
electrolyte solute and the ‘ie fraction of solute has been given ©) 


f liquid. But when a non-volatile solute 1s 
urface of the solution decreases and its vapour 


Chapter 9 (Solutions) 
@ Solvent particle 
@ Solute particle 
shows that at high temperature the 
rapidly. Temperature Ti on the curve AB which 
According to Raoult’s law correspond 2 ne point of the solvent. Then flak solvent, 
“The relative lowering of vapour pressure is equal to the mole fraction of solute.” vapour press! les equal to the extemal pressure sepa : ae 
p”. 
4p When the solute is added i 
x I in the solv - 
re plonted against temperatures, then a curve Svariiseey Press are 
Where, x, is the mole fraction of the solute | jower ten a pars woo Pressures of solution are less than hone 
: i akin 
If n,andn, are the number of moles of a solute and solvent respectively, then. | psn aes presi oon temperature T; to equalize its Elevation of boiling temperature curve 
. ale ; in ints gi 4 
4,2 boiling point AT». 8 Points gives the elevation of 
mie : gelstionship between molality and AT, 
4 n The higher the cor i ka 
$0, oe The higher the concentration of solute, the greater will be Par 
p?  ny+n, higher will be its boiling point. So, elevation of boiling point AT, di lowering in Harel resins pare and hence 
For a dilute solution, n; can be ignored in denominator, f ATsem rectly proporti ality of solution. 
Hence, 2m . aT*Km aes () 


pe a where, Ky is ebullioscopic constant or molal boiling poi 
thei tive relati ; ing point constant. 
The number of moles of solute and solvent are obtained by dividing thelr masses in grams with their respective relative hscaete m;  taiy heaye be eae’ Noocuerteinn an eee 


olecular masses. ; 
if W, and W2 are the masses of solvent and solute while M, and M, aretheir-relative molecular masses receptively, then 


Ww W. Determination of molecular mass 
a avd rm 
mM, = M, We know that, 
Ww Molality(m) = Massof solute i 
Op _ M, Molar massof solute Massof solventin kg 
pep ni Wing tg OOM 
ws M, W,/1000-M,¥% 
Ap _ 2 M Putting thie value of *m’ from equation (i) into above ‘equation. 
poM, Mi 1000W. 
p? _ W.M AT, = Ky —— > 
M, == x4 MW, 
4p K, W, 
The molecular mass (Mz) of @ non-volatile solute can S~ calculated from the above equation, _ -or »M,= mm 7 


Give graphical explanation for elevation of boiling point of a'solution. This equation can be used to determine the molar mass of a non-volatile and non-electrolyte solute in a volatile solvent. 


Describe one method to determine the bollirig point elevation of a solutlo) acy Measurement of Boiling Point Flevation (Lands 
. ; Apparatus 


ware i ed The apparat ists of four major parts: 
i iqui | pressure |S ca tus consists of four major pal: i " 
‘ The temperature at which the vapour pressure of a liquid becomes equal to the external Pp! i A toner came onarencetts side: nee . graduated ss ie saiaadl 
boiling point. Greater ) q “oh sends the solvent vapow! oo the graduated vse bote of the inner tube. 
The presence of a non-volatile solute in the solution decreases the vapour pressure of the solvent. solver ™ TF (ey i sa een aot solvent YP coming out from the side hole of the inner tu 


concentration of solute, greater will be the lowering of vapour pressure. Therefore, the temperature at which 3 
the sulution state boils is increased. 


380 


(d) A thermometer which can read upto 0.01 K. 
Procedure 


The solvent is placed in the inner tube. Some solvent is also 
taken in @ separate flask and its vapours are sent into this tube. These 
vapours cause the solvent in the tube to boil by its latent heat of 
condensation. This temperature is noted which is the boiling point of the 
pure solvent. 

The supply of the vapours is temporarily cut off and a weighed 
pellet of the solute is dropped in the inner tube. The vapours of the 
solvent are again passed through it until the solution is boiled. This 
temperature is again noted. Now the supply of the solygnt vapours is cut 
otf. The thermometer and the rosehead are removed and the volume of 
the solution is measured. The difference of the two boiling points gives 
the value of AT). 


Calculation 
The following formula is used to calculate the molecular mass of solute. 
M, = K, x 1000W, 
. AT, WwW, 


Qiz. (a) Boiling point of solvent Increases due to the presence of solutes: 


Landsberger method for measurement 
of elevation of boiling point 


Ans. “The boiling point is defined as the temperature at which the vapour pressure of liquid becomes equal to 


external pressure.” 


When a solute is added in solvent, then the vapour pressure of solvent lowers due to 


(i) Interaction between solute-solvent particles. 


(ii) Molecules of solute present at the surface hinder the evaporating tendency of solvent. 
Hence, to equalize the vapour pressure of liquid with external pressure, more heat is to be supplied. So boiling 


point of solution is increased. 
Boiling point of pure water 
iling point of 1 molal urea solution in water 


= 100°C 
= 100.52°C 


Example: 


= 
rea solution is less than 


Quiz. (c) Boiling point of 1 molal urea solution Is 100.52°C but boiling point of 2 molal ui 


101.04°C? 
The conditions necessary to study the colligative properties are: 
() Solution should be dilute. 

(ii) Solute should be non-volatile. 

(tii) Solute should be non-electrolyte. 

One molal urea solution has a boiling point of 100.52 
of boiling point (0.52 x 2= 1.04°C) due to, following feasons. 
(i) The two molal solutiun is very concentrati 


Ans. 


oe ; 
ed so it does not fulfill the conditions of.coll 


(ii) Solute does not dissolve fully as rate of crystallization is greater than rate of dissolution. 


(iii) Less molecules are free as most of them form clusters. 


Hence 2 molal urea solution has a less elevation of boiling point than.expected. 


Qi2. (d) Beckmann’s thermometer Is used to note the depression of freezing point. 


Ans. As depression of freezing point or elevation-of boiling points is very small in «magnitude 


q thermometer was developed by “Beckmann”. It can read upto 1/100th of 
» 


a degree Celsius or 0.01 K- 


°¢ but two molal urea solution has not twice the elevation 


ligative properties: 


scholar's CHEMISTRY _ y, ar 4 i AN 
Jective) 


detect a very little 
chi 
phos iN boilin 3e- 


is used to note the 8 Point oF freezi 


Pression of f; 
reezin, MB Point much acc, 
ais. Freezing points of solutio, " Point accurately. Therefore Beckmann thermometer 
Plot a graph toelabo are depressed when 
solution. Your answer. Also, gion Vaile sol 


i tive one sathad cot are present in volatile solvents. Justify it 
record the depression of freezing point of a 


Depression of Freezing Point of a 


“The temperature at which two pl 


substance co-exist hysical 
‘0-€xist is called Physical states (solid a 
or freezing point.” '@ and liquid) of any 


olvent by a Solute 


“The temperature . 
at which . 
become equal is called Path Pressure of solid a 


Explanation Point.” 


When a non-volatile solute ; 
pressure decreases, At the freezing rs 10 a’solvent, its vapour 
vessel.i.¢. liquid solution and the solid solvent The bapa 
at that temperature at Which the vapour pressures ae with poze 
and solid solvent are same. It means’that a ne afer 
lower temperature than pure solvent, Se er 
Graphical Explanation 
ric 
In order to understand it, plot a gra 
4 ® ph between va 
temperature for pure solvent and that of solution. The Lae ABO Be 
the pure solvent. The solvent freezes at temperature T, corresponding to 
the point B when the vapour pressure of freezing solvent is p°. 
The portion of the curve BC is for the solid, solvent. This portio 
vapour pressure with the-change of temperature is more rapid. = 
The curve DEC for the solution will meet the curve BC at the point E. This is the freezing point of solution T 
and corresponds to the vapour pressure p which is lower than p°. The reason is that vapour pressure of solution ts less than 
that of pure solvent. ° ‘ 
Depression of freezing point = freezing point of pare solvent- freezing point‘of solution 
_ So, AT;=T,-Th 
Relationship between molality and AT; 
This depression of freezing point AT; is related to the molality of the solutior 
of elevation of boiling point. 


+ © BL Vapour Pressure 


depression 


Ty eon. 


Depression of freezing point curve 


n-has:greater. slope showing that the change of 


“stionship ts similar to that 


GT ep Shgm > pare ny 
Where, Ky is molal freezing point canstait or cryoscopie constant f ‘< - 
Determination of molecular mass FFF 5 0 Fs 
We know that, 2g? Pees 
| s 2 a 
. mass of solute, &5§ &e Fa 
Molality = molar mass of solute mass of solvent in kg i Fy < #2 
Ww, 1000 ~ Fs & F vent at a 
m >= —x— >. > 
M, MW & ¥s- 
ace fF se 
ing in eq. (i) ( wy 1000 ie 2208 ki of energy is 
AT, = Kelyg® ) Lb 
Kp W2t000 r 
(Molur mass of solute) M: ~ Wy 


2-RA2 WAH SV 


eee ee) a | 


fon (Beckmann’s Method) 
Apparatus ‘ 
The apparatus consists of three major parts: 
@® A freezing tube with a side arm. It cOntains solvent or solution and is fitted with a stirrer and: a Beckmann’: 
thermometer. 3 
(ti) An outer larger tube into which the freezing tube is adjusted. The air jacket in between these tubes R 
help to achieve a slower and more uniform rate of cooling. = = ele 
(il) A large jar containing a freezing mixture. - 
Procedure 
‘Around'20 to 25 g of the solvent is taken in the freezing tyibe. The bulb thermometer 
of the thermometer is immersed in the solvent. First of all, approximate freezing M 
point of the solvent is measured by directly cooling the freezing tube in the 
freezing mixture. . 7 
The freezing tube is then put in the air jacket and cooled:slowly: In this 
way, accurate freezing point of the solvent is determined, Now the solvent is re- 
melted by removing the tube from the bath and weighed amount of 0.2 0.0.3 g of 
the solute is introduced in the side tube. The freezing point of the solution is 
determined while stirring the solution. The difference of the two freezing, points 
gives the value of AT;. 
Calculation 


The following formula is used to calculate the molar mass of solute. : 


Backmann’s freezing point 
apparatus 


Qi2. (b) Freezing points are depressed due to the presence of solutes. 

Ans. “The freezing point is defined as, the temperature at which the solid:and the liquid phase ofa substance has 
$aii¢ vapour pressures.” 
When a non-volatile solute Is dissolved in'a solvent, its vapour pressure decreases due to solute-solvent 
interactions. Now the vapour pressure of the solution becomes equal tothe solid solvent at.a lower 
temperature than the pure solvent. Thus freezing:points are depressed due toypresence of solutes. 


eg. 
Freezing point of pure water = orc 
Freezing pointiof 1 molal glucose solution=—1.86°C 


Port Depr 1 Phenomena 


Applications af Bout un 
(i) It is used to determine the olar mass of substances. , 
(ai; The study of colligative properties has contributed to the development of solution theory. ‘ : 

* (lil) The presence of a solute increases the liquid range of'the solution both/by raising the boiling, pointand lowering the 
freezing point. eer: 

iv) most i t application of this omenon is the use of an antifreeze in the radiator © 
ae naneodre! ‘which is not oo miscible with water buthas a very low vapour pressure and non-volatile 
in character. When mixed in water, it lowers the freezing point as wellias raises the boiling point. 
© During winter tt.protects a car by preventing the liquid in:the radiator from freezing, as water alone, 

instead. 

© Inhot summer, the antiffeeze solution also protects the radiator from boiling over. 

(v) Another important applicatiotnig the use of NaCl or KNO; to lower the melting point,of ice. One can prepa? : 
freezing mixture for use in an ice creafimachine. 


ifitwere used 


automobile. The 


into the iti 
ring its freezing point. Water, it increases the liquid range 


They are added to water, 
p 


aqueo to lowe: 
compared to a solution of no 1 Solutions, therefore * the vapour pressure of water. As these salts 


N-Volatile non ha 
electrolyte so} ve greater number of solut 
NCI Nar, . lute of same concentration, lute particles as 
tm + Cl, 
KNO, ——= + . 
Thus NaCl and K King +NO;,, 
lus NaCl and KNO; solution hai 
ve elevatioy 
than that of non-volatile, no N Of boiling point 
» HON-electrolvte sotut and depression of freezing poi 
les. Therefore thi Ng Point to a greater extent 


“The energy changes involved duri 
luring the formation 
ra 8 ofa 


In,a-solution, the distances between 
their pure states. This increase in the di — 


Solution are termed as energetic of solution.” * 


of forces will decide whether the p per and thus'is an exothermic phenomenon. The strengths of the two type 


Thus, the process of dissolution occurs with either 
" . * 
re-establishment of intermolecular of intermolecular foes 


Heatiof solution 


sation?” quantity of heat tnergy, that is absorbed or released when a substance forms solution, is termed as heat of 
Examples 


0 Meg potdssium nitrate is dissolved in. water, the temperature of the solution decreases. It shows it to be an 
thermic. process. 


KNOy,) +H,0 + KNOy,) AH =435.7dmol" 
(ii) The solution of lithium chloride in water produces heat, showing that the process of dissolution is exothermic. 
LiChy +H,0->LiCh,) _4H=-350eme" . 


Enthalpy of solution - 
“The heat,change when one mole of the substance is dissolved in a specified number of moles of solvent at a 


given temperature is called enthalpy of solution (AH) ° 
Sample 


an absorption or release of energy. This is due to breakay 
m B id 
of attraction between solute and solvent molecules. oy 


raped one mole of sodium chloride (58.58) is disso 


rs 


Ived in 10 moles of water (180g) , then 2.008 kJ of energy is 


NaCl+10H,0— NaCl10H,0 SH=* 2.008K) 


Chapter 9 (Solutions) 


aives the difference between the energy possessed by the solution after its formation and the original energy of 


the eemponents before their mining Le. 


Heats of solution of some ionic solids 


hition. after ‘its forhiation, while 
both these factors can not-actua 
able. If the value of AH,,, is negative, 
which it was made, Hence the dissolution proces: 
positive AH,,,, value 

the strength of intermolecular 


Here. Hy. is the energy Content of so! 
components before their mass 
change AH... 1s practically mga 
energy than the components from 
hand, an endothermic process would have a 
The magnitude of heat of solution gives information regarding 
components which mix to form & solution. 


s is an exothermic one. On the other 


forces of attraction between 


Hydration energles of common Ions. 


et075_ 
T3990 
a ee 


SEE 


die ae Sa 
eer en 
ee TT) 
ii all le ial 
ee a 


Hydraton Energy of lons 
When an ionic compoun 
1 ions from solid. In the second step, thes 
lastice to separate the ions. Since, energy is req 
Lattice energy 
“The amount of en 


dissolved in water, the first step is the se 
ded'by solvent molectlles. The first step 
so this step is endothermic. 


d, say potassium iodide is 
¢ separated ions.are surroun 
uired to accomplish this step, 


ergy needed to separate a crystalline compound into isolated ions (or atoms) is know! 


nic solids is always higher than molecular solids. 


The lattice energy of io 


id st he j 
In the secon ions are b F 
* solvent dipoles and energy js fant imo wate ang 
+ SO this step ig ond 8 Hydrated (soly 


The enerBy given out by this step is known § ated). 
K° +0 4xy 8S the hydration ena \ hydrated ion is aitricted by 1° 
05K: ; 


ne 
TRY (or Solvation energy) 


(x) +0 


Anion | 
Cation(!) 
(kK) 4 | 
Water a | 
4, 4 \ 
Solute-solute * 
4 fi forces 
Hydration energy : 
“The amount of energy released duri i 
called as hydration energy.” luring hydration of one mole of an ionic compound in excess amount of water \ 
a f water 1s 


The final equation will be as follows 


KI, +*XH,0 + K*),) + Ve) 


Relation between hydration energy and the size of ions 
«  Itis interesting to compare hydration energie 
r cn 
seater the ste of tiotvalent cation okeincueaan’ Le. cations and anions with their ionic radis 
. Divalent and trivalent cations have higher values due to high charge densities 
* Anions also show a definite trend of heat of hydration, depending upon their sizes 
Preparation of and infinitely dilute solution 
ge a bain a concentrated solution, there is a further heat change. This heat change depends on the amount of 
for dilution. The heat of dilution gradually decreases, so that eventually increasing the dilution produces no 
an heat Change. This occurs when there are 800-1000 moles of water to one mole of sulute This stage is called 
ite dilution and the heat of solution is expressed as: 


NaCl, +H;0 —— ——> NaCl =2N2 a) * Tw) AH, = +4.98K) mot! 


“The process in which water molecules surroun 


Uplanation 
7 Peas : . are dissociated into rons Negative ions, are surrounded by 

Water ane compounds ae hasanat ee of water surround and attract the anions with clectrostatic 
a of attractio 7 ache A of Cie create attractions. with partial negative oxyzen atoms of water 

ee lon, arly, 

ules. In this way, ions are hydrated. 

“ed ions les are called hydrated ions.” €.g. 18 ase of dissolution of NaC! 

yy water molecules 2 


.d and interact with solute ions or molecules is called hydration.” 


Na’! ng teens which are surrounded b} 
CI" are called hydrated ions. 
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Factors effecting hydration: 
The number of water molecules, which surround a given ion dependsupon: 
(Size of ion (i) Magnitude of charge 
«If the size of ion is small, and is highly charged positive ion then it has high charge density. Hence, the greater number 
of water molecules surround it. : 

© Negatively charged ions have low charge density and have smaller number of water molecules surrounding them. 
Conclusions 

Hence, the ion with higher charge density has a greater ability to attract polar water molecules than ions with 
smaller charge density. 

“Those crystalline substances which contain chemically combined water in a definite proportions are called 


Example: The water molecules are attached with cations in the hydrates. Anyhow, in CuSO,.5H,0, four water molecules 
are attached with Cu” and one with SO . The reason is that Cu" is much smaller than SO2", which has same amount 
of charge. 


“Those water molecules which combine with substances as they are crystallized from aqueous solutions are called 
water molecules of crystallization or water of hydration.” 


Examples . 
(0) (COOH):.2H;0 (Oxalic acid) (ii) MgCh.6H;0 Gi) Na,B,07.10H,0 (Borax) 
(iv) CaSO,.2H,0 (Gypsum) (v) __MgSOs.7H:0 (Epsom salt) (vi), BeC!,.2H,0 


(vii) Na,CO,. 10H,O 


“The interactions between salts and water are called hydrolytic reactions and this phenomenon is called 
hydrolysis.” 

Salts are of following types: 

(a) Acidic salts 

(b) Basic salts 

(c) Neutral salts : ‘ 

When NaCl is dissolved in water, the resulting solution is neutral i.e, the concentration of H’ ‘and OH ions sre 
equal to 10°’ mol dm”, as in pure water, But this balance between H’ and OH” ions can be disturbed with resulting change 
in the pH of solution when other dalts are dissolved in water. : 

(a) Acidic salts 

wT alta which are formed by the rections of weak bases and strong acids are 

called acidic salts.” : 


or 
“The salts which lower the pH of water less than 7 sre called acidic salts.” 
5, Examples 
4  NHLCI, AICI, and CuSO, give acidic solutions in water. 
— } ° * NH,Cl + H;0 «=== NH,OH + H’ + CI” 
AICI + 3H,O eqn Al(OH); + 3H +3Cl 


‘ These hydrol 4 
ydrolytic reactions 
conjugste bases of HCI and Hi; weak bases 
eens ocidic in character T™ ene banat NH.OH, CuOH). But, CI” and SO} are weal 
values ‘water. HY j A 4 J 
squsttebot omiteatle rare ie Very high as compared ikea pia 
‘alt will bydrolyae 


+2H,0 
—, 
Cu(OH), + 2H" + so> 


to Ky values of AI(OH);, NH,OH and Cu(OH). !t 


“ -NaxCOs and CH;COONa form basic solutions i 
In water, 


CH,COoN, 

The acetate ion is hydrolysed ice, 10 semis CHCOOH +Ne' + OF 

she result is thatthe solution becomes bans nee oooH ad OFT ions become fee. Na on isnot hydrolysed. 

due to formation of Na’, OH” and weak acids milly, NasPO, and NajAsO, etc. give basic solu 
H M ), etc. give basic solutions i 

- (¢)Neutral Salts ees send 


Which are least dissociated. 
(I) Salts from strong acids and strong bases 


The dissolution of KCl, NaCl, Na; neutral solutions. Because 
, NajSO,, KBr etc, in water gi 
. give soluti these salts are not 


hydrolysed in water. Their positive ions K’, Na’ 
wviottyrotyeed. Na’ are not hydrolysed by water. Similarly their negative ions CI, Br, SO,” 


(H) Salts from weak acids and weak bases 


The salts derived from weak aci 
ce 


A solution, on average, is-a mixture of two or more kinds of different molecular or ionic 


substances. The substance, which is present in uantity is called a solvent P : 
is, called a solute. large quantity is called a solvent and the other in small quantity 
Solutions containing relatively lower concentrations of solute are called dilute solutions, whereas those containing 
relatively higher concentrations of solutes are called solutions. Solubility is the concentration of a 
Tolute ina station, wien the solution iat equlibeiam wih tho solute t«parcaler tempers. 

4: The concentration of a solution may be expressed in a number of Ways 

|” Solutions may be ideal or non-ideal. Those solutions, which obey ‘Raoutt's law are ideal solutions. Raoult's law 
tells us that the se croc pone oc eve t.2 wt © i Senses EY 
proportional to the concentration of solute. ae <t todidad ais ch pal 
Many solutions do not behave ideally, as they show deviations n Reoult's law. ‘ ‘positive 
Of negative deviation from Raoult's lew. Such liquid mixtures, which distill without change in composition, are 


called azeotropic mixtures. , 

« i ‘ ies, which on the number of solute and solvent 
a rhage ion wd ot depen colt poe important co colligative papeion i prison rai 
Point and deraesion ‘of freezing pint and oamote a : 


1 
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Chapter 9 (Soiut, 
7. Elevation of boiling point of a solvent in one molal solution is called molal boilin; 
constant. Depression of freezing point of a solvent in one molal solution is called isola fecaie OF ebullioscopic 
eryoscopic constant NG Point constant o¢ 
8. The enthalpy or heat of solution of a substance is the heat change when one mole of t! i 
a specified number of moles of solvent at a given temperature. esubmance is-dissolved jn 
9. The process in which water molecules surround and interact with solute ions or molecul 
les inthe; 
lattices, are called hydrates. They are mostly produced, when aqueous solutions of soluble — - their crystal 
10. Salts of weak acids with strong bases react with water to produce basic solutions, whereas slats pigs 
: bases 


with strong acids react to give acidic solutions. Such reactions are called hydrolytic reacti 
. ct 
said to be hydrolysed. Salts of strong ‘acids and strong bases do not hydrolyse nde sclation. and the salts are 


OLVED OBJECTIVE EXERC! 


Q1: Choose the correct answer of the following: 


i) Molarity of pure ‘water is: a “4 
(a) . (b) 18 
$5.5 (d) 6 
(ii) 18 g glucose is dissolved in 90 g water. The relative lowering of vapour pressure is equal to: ¥ 
(a) 1/5 (b) 5.1 7 saphegad ales 


Nor TAT"  @ & 
(iii) "A Solution of glucose aoe re Vollime in which 1'g mole of it is dissolved will be: 


(a) dm? ; Lass 1.8dm' 


nee» 


bas 
(c), 200m’ uae A, -900 cm’ ; 

(iv) — An aqueous solution of ethanol in water may have vapour pressure: 
(a) Equal to that of water (b) , Equal to that of ethanol 


More than that of water (ay = pees than that Of water 
eal fate than either of them when: 


(v) Anazeotropic mixture of two liquids boils akeiower 
(a) is saturated “ 
it shows positive deviatiomfrom Raoult’s Law 
(ce) It shows negative deviation om Raoult’s Law, 
(d) Mas. metastable -. x e oe ht er 
xture Is: 


(vi) In a7edtropic mixture, showing positive Heviation from Ragult’s tat, the vgliiie of the mi 


t wlio ne a eh 
(tightly more than total volume of somponents 
(b).« Slightly. less.shan Jotal;volume.of components 


(c) 42qual to'totil Volume of components : } ' 
(d) None of these 


eee of the following solutions has the highest boiling point: 
fa) 5.85% NaCl -  (b) 18% glucose solutions 


(c) . 6% urea solution (4) -All|have some the boiling point 


(viii) Two solutions of NaChand KCT are prepared separately by dissolving sam 
the following statements is false for these solutions: et I 


@ amount of 


a RS 
scholat’s CHEMISTRY _ x; ubjecty 

| e) 

| (a) KCI solution will have higher 


(b) Both the solution have Pee Point than Nac} 
i} ing point. 


| a) Molal boiling point consta 
j (a\—Molarity 
(c) Mole fraction 
«) \cottfigative properties are Properties of: 
(a) Dilute solutions which behave ideally 
(c) Both (a) and (b) 


Solved Exercise MCQ’s 


Answer 


ion in boiling point to: 
(6) Molality 


(4) None of these 


(b) Concentrated solutions which behave non-ideally 
(4) Neither (a) nor (b) 


Reason 


m = 1000g = 1kg of water 


18gmol™ = 55.5 mol 


So molarity of water is 55.5 mol dm* 


4p, x, (Mole fraction of Solute) 


Pr 
Glucose is solute and water is solvent here. 
Mass of glucose = 18g Mass of water = 90g 


90 
= — = 0.1 mol Dae = <= Sol 


‘ion slucose solution means 
1Og-of glucose present in solution = 100 cm" 


uti = 100 180 
1g mol (180g) of glucose present n sotuton 70 


= 1800cm' = 1.8dm* 


We know tha boiling POM" 7, Oor Pressure 
= 78.5°C 

= 100°C 

lution of ethanol in 


(©) More than that of water 


water may have vapour pressure more 
eous $0! 


(b) It shows positive deviation | Ethanol-water mixture is an 
ae example of non ideal 
deviation from Raoult’s Law. It boils at me wih aon showing 


alcohol. 78.1°C is nema tn) | 
more’ 1s lower than the boiling point of ethanol met | 
(a) Slightly more than total |Two liquids A and B formin, es 


8 Azeotropic mixture 
from Raoult's Law. A-B attractive f ite Fost vit 

R mw. force shoul weaker Ss devin 
attractive forces. ‘A’ and ‘B’ have different ater Poth Me 
volume of solution is slightly greater than total ‘ohne ott ‘components, ote 
Greater the number of solute Particles, higher will be the boiling poi - 
nt, 


volume of components 


5.8 
5.85% NaC = ISSxN, = 6.022 = 10” Nacl 


NaCl == Na* + Cl 
So Solute particles are 1.2 x 10”, 


solution of both solutes will show different values of clesbennen 


(a) Dilute solutions which |Those properties of a solution which depend upon the number of solute and 
behave ideally solvent molecules or ions are independent of the nature of the solute are 


\¢ Q2: Fill in the blanks with suitable words: 
(i) Number of molecules of sugar in 1 dm’ of 1 M sugar. solution is 
(ii) 100 g of 10% aq. solution of NaOH Contains 10 g NaOH in g of water. $ 
(iii) | When an azeotropic mixture is distilled its remains constant. 
(iv) The molal freezing point constant is also called ; ; tution hows 
(v) Boiling point of an azeotropic solution of two liquid is lower than either of them beeause tt # 
from Raoult's law. ‘ ing pot 8 
j f freezing 
(vi) ZAmong equimolal aqueous solutions of NaCl, BeCh and FeCl, the maximum depression © | 
shown by solution. cio ie ee 
(vii) A solution of ethanol in water shows | deviation and gives azeotropic $0! 
point than other components. 
(viii) Colligative properties are used to calculate of a compound, 
(ix) The hydration energy of Br” ion is than that of F ion. 
(x) The aqueous solution of NHC! is while that of Na;SO, is ___— 
ARGHERS 


> 


scholar XI (Subjective) 
Q3: Indicate Tree and False from the tives 
() At adefinite temperature the amount token 
Gi) Polar solvents readily dissolve non, pola in 8 Given saturated solution is fixed 
a5 The solubility of a substance decreases with ; ‘compounds. 
«ii The rate of evaporation of liquid ; With increase in temperature, ifthe heat of 
. The molecular f ny ee vel Proportional to the intermolecul cahaprg on 
mass ular i 
™) molecular mass. oo determined by lowering of vapour net pepe the theoretical 
i Boiling point elevation is directly . 
wi) point of solvent. Proportional to the molality of solution and.inversely proportional to boiling 
(vii) All solutions containing | g fon-volatile, non ine 2 ‘ 
(viii) The freezi ing point of a 0.05 molal solution ieee ica aly eee? ae “— 
(ix) Hydration and hydrolysis are different process for N,S0,, : 
(x) The hydration energy of an ion only depends upon its charge. 
_ ANSWERS 


LO Tre TapFase Tedine [an Toe [etme | 
(vip True _| (vip False_[ (vp Fase [uy Troe | (0) False | 


———————————————— rr 
Qi7. (a) Calculate the molarity of glucose solution when 9 g of It are dissotved in 20 cm’ of solution? 
Ans. Given date: 

Mass of glucose= m=9.08 

Volume of solution = V=250.em’= 0.25 dm’ 

Molar mass of glucose = M = 180 g mol” 


Required: 
Molarity =? bd 


Molarity 


21008" 0.1K8 
203mol kg” 
ald+1x2+l ; 
nme 24l2+ 1691442 = 60501 


Mass of water 
Molality of solution 


24164144221 
Molar mass of urea (NH,CONHS ) 


392 


Solution: : 
Motaity =» Tuas ingofsolue yl, | 
Mol. mass of solute mass of solvent i in kg 
Mass (g) of solute 


= Molality x mol, mass x mass of solvent in kg (of solute) | 
= 0.3 x 60x 0.1=1.8¢ 
Mass of urea ing =1.8g 


Q17. (c).Calculate the conc. of a soliition in mol ol 
solution. 


() Given data: wt 2 
Percentage of composition of NaCl solution 520% » 
Mass of 20% solution = 250g 


(Ii) * Percentage composition of 2™. solution 40K 
“Mass bf2™ solltioh’ ' = 200'g("* : : 
~Molanmass of NaGh = =58.5gimol* a To} 
Required: maar ae 
Molality of solution which is obtained.hy.r 


Solution: 
To calculate Molality, first we wil 
(i) Solution (i):- 


100 g of slutonthis dlahiRVOPINMG” 


1g of solution has quantity of NaCl 


i )= 
3212 AIX: 30 2143! Aan wea 
frorersmenearreernrsonreoner 


follow: < € 


250 g of solution has quantity of NaCl 


Amount of solute =508 : 
Amount of solvent = 250-50 = 2008 
Similarly for 40% NaCl solution. 


100 g of solution has quantity of NaCi = 408 
40 
1g of solution has quantity of NaCl s 100; r F . 
¢ 40 
200 g of solution has quantity of NaCl ™ 790, 7% 20° ‘ D" eg it 
a =B0B uy taal « Yo Cie 
Ry Amount of solute = 808 
+ Amount of solvent __ a sae - —~ 
(Ill) Now we can calculate molality by date:ealculatadetoves! ys2sw ‘0 3 7 
~ ese + Ea 
: ri : 
Mass of solute in sol (i) =506 gerorgrw 
Mass of solute in sol (ii) = 808 gion go 
Total mass of solute =50+80=1308 |, AIRS <* 
Mass of solvent in so! (i) = 200 8 


Mass of solvent in sol (ii)  wtdog° 


Chapt ae 
eee a PN — 
Mass of urea ing = ? } 


"Ans. Given data: 


Scholar's CHEMISTRY _ XI (Subjective) 


Total mass of solvent 
= 200 +120= 3208 
= 0.320 kg 
Molality = TASS of solute in g 
Mol. mass of solute * 


210 


1 
Mass of solvent in kg 
” 385 * O33 32 * 6:94 molat ( 
Molality = 6.94 molal - xe 


8. (a) An aqueous solution of 


Given data: 
Molality of solution 
Required: 


Mole fraction of solute = ? — 

Mole fraction of solvent = ? 

Salution: 

As one molal solution means 1 mol solute dissolved per.1000 g.of H,0 

So 342 g (mol. mass of sucrose) dissolved Per 1000 g of H,O.. 
We can calculate no. of moles of each component. 

no. of moles ree) 


Sucrose has been labeled as one molal, Find the mole fraction of solute and solvent: 


Molar mass 
342g 
342g mol" 


«1000 5.55 mi 
18 g mo! 


(l) 1, = moles of sucrose = 


= mel 


(il) n, = moles of water 


(iii) n, = Total moles= n, +n, = 55.55 +1" 56.55 mol 
moles of a component 


(iv) Mole fraction Total moles 


n, 
X aot 
So " 1, a, 


| 
s— £0.0176 
(a) mole fraction of sucrose 7658 0.017 


mee 55 
019823, 
(b) mole fraction of water "5° 


. mole fraction of solute = 0.0176 . 


mmole fraction of water = 0.9853 How much.vol. of this solution Is required to 
provided 


. Solution (i) has purity : 
Density of sol (i) 
Solution (ii) has 

Density of solution (ii) 


Vol. of sol (i) to prepare sol (ii) =? 

Two steps are involved 

Finding Molarity of both solutions. 

Finding Vol. of sol (i) by formula of dilution 
{a} Finding Motertty:= ~ 


From density we can calculate the mass of 1 dm? (1000 cm?) of solutions. 


1.cm? H,SO, contains mass 


% purity of H,SO, 
100 g H,SO, contains pure acid = 80g 


1g H,SO, contains pure acid 


1800 g H,SO, containing pure acid 


No. of moles of H,SO, 


Molarity of solution (i) =14.7M 
Similarly for solution (ii) 

14cm? H,SO, solution contains mass of acid 
1000 cm? H,SO, solution contains 


100 g of acid contains pure acid 
1g of acid contain mass of acid 


* “4256 g of acid’ contain mists oféad’ "= 


Ne. of moles of H,SO, 


So molarity of sot 
‘\ ty of solution (i) 


sepolaris CHEMISTRY —X1 Subject 


) | 
eg e 


Data: Molarity of so} (i) * 
Molarity of sol (ii) amen 
Vol inte 
Required: “me of Sli) tobe prepared = v, = dm? 
Volume of sol (i) to be diluted = Vz? 


Solution: 
Formula for dilution is 
MY, =M.V, 

M,V, _ 2.55x1000 
Vy = Rte, = £29*1000 

M, 14.7 
= 173.46 = 173.5em? 

173.5cm? of 80. % H, 


Qig. 250/cm! of 0.2 MK,SO, 


Is dlluted upto 1000 cm! in a measu flaskto re 20 % H,S0,, 
{5 mixed with 250 cm? of KCI sohition. calculate the mol. concentration of In 


Ans, Given data: 
MolarityofK,SO, = 0.2 molar 
Molarity of KCI Odie 
Volume of solution (i) = 250m? 
Volume of solution (ii) =250.em? 
Volume after mixing =500cm? 
Required: 
Concentration of K* ions = ? 
Solution: 
As both solutions are electrolytes they split up into ions on dissolution 
K,SO, mee 2K" + SO; 

KCI omen K+ CT 
$0.0.21molar K,SO, produces 0.4 molar K’ ions and 0.2 molar KCI producg 0.2 molar K ions. 
Total K’= 0.4 +0:2 

= 0.6 molar 
Total k* = 0.6 mole K'/1000 cm? 
5 our solution Is 500.cm’ therefore 


1000 cm? of solution contains K’ jon = 0.6 mol 


06 
‘Vem? ofisolution contain kK’ ions= 7000 


= 284500 
S00 cm’ of solution contains 7000 
9.3 mol K’ ions 
= 03 molk’ bons 
‘Amount of KC ons “Zi of Soltion ts 0.997 6 em'%« Caleutate molarity, molality and 


Te See ee 
: that volume of 
Mole fraction of this solution. ASSUT ° ma : . 
"Given data: 


Mass of NaCl. =58) ’ 
MassofH,o = 10008=1K8 


(a) Molality =? 
(b) Molarity =? 
(ec) Mole fraction =? 
Solution: 


. mass of solute ing 1 


(a) Molality ——— 
mol mass of solute mass of solvent in kg 
51 
= ——x- = 0.08547 
385 x 1 molal 
(b) For molarity firstly volume of solution is to be calculate: 
Mass of solute =58 
‘Mass of solvent =1000g 
Total mass =1005g 
Density of sotution = 0:997,g.cm™? 
Volume of solution: =? 
d =D or a 
a v d 
v = ws = 1008.02 cm’ = 1.008 dm? 
e : mass of solute 1 
Molar a eS OPH Oy 
ay mol, mass of solute» vol. indm? 
» x 20,0847 
f 58.5 1.008 
4 =0.085M 
} (c) Mole fraction 
i. - + No.of mole of Nacl, n, = Massof Nach 
b molar mass 
« 28. = 0,0854 mol. 
58.5 
3 of H.O 
No. of moles of H,O, n) = De ——— 
Molar mass 


» 1000 _ 55.55 mol. 
18 


n= Total moles= 55.55 + 0.0854 = 55.6354 
moles of NcCl 


Mole fraction of NaCl Total moles 
» 0.0854 9.901534 
” 55.6354 
i 55.55 
Mole fraction of H,O 55.6354 
Molality = 0.08547 molal 
Melerity = 0.085 molar 
Mote fraction of NeCi: 0.00153 
Mote fraction of H,0: 0.9964 


{2} Retative motar mass (b) Molecular formula of compound. 


at. 4.675 g of a compound with empirical formula C,H,O was dissoh nee 51 bee ene Is 
was found to be 1.02°C less that pure benzene. Molal freezing point P 


} 
I 


of pure 
int constant 


Ci 
* Density of sol. = 0.997 g.cm™ —TEPH Seta, 
e Required: 
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XI (Subjective) 
a a ee 
Mass of solute w, 


Mass of solvent w, 245756 
AT: (Depression in freezing point) cone ; 
Empirical formula a 
Empirical formula Mass s 0 re 
Required: “peker 
fa) M, =? 
(b) Molecular formula of 
: Solute =? 
(a) For molar mass 
K, 
My = se at000, ™ 
5.1 
= —~1000x 4675 
1,02 212.5 
= 110 g mol 


(b) For molecular formula = n x Empirical formula 
= Molecular formula mas 
ee 


or n 
Empirical formula mass 
aT 
55 
So molecular formula Is = 2(C,H,0) 
hey — CyH,O, 
Molar mass 110g mol” 


Molecular formula: C,H,O, 
re 
Q22. Bolling point of a solution containing 0.2 g of a substance ‘A’ In 20 g of ether ts 0.17 k higher than pure ether. 

Calculate the molar mass of ‘A’. 
Ans. — Given data: . 

Mass of solute W, 20.28 
Mass of solventW,  =208 

AT, = 0.17K 

22.16 K 

Required: 
M;: Molar mass of solute = ? 


* Solution: 
mM, = Ke xioo0M 
» Ww, 
2.16 0.2 
= loo 


= 127. ed mor" 


mass of solute: 127.055 mol" 
x disoh Sen ina aerate 
Score ica vor to 436 0 eee COTS Cakulate the molar mass of solute 
of ether falls fron 


eee ee. Fe an mf) So 


= 38 
Mass o* ent= W, =S0g | 
Moar 5s of solvent: M, = 74g mol” F 
Vapour pressure 0! pure solvent P° = 442 torr | 


Vapour pressure of solvent insolutionP = 426 torr 


AP = P°-P = 442-426 
= 16 torr 

Required: 
M, =? 
Solution: 
Me MM, 

4p W, 

2 

M, = 442 3 x74 

16 50 


= 122.65 g mol" 
Molar mass of solute = 122.65 g mol" 


Example (1): : oe 
Calculate the percentage by weight of NaCl, If 2.0g.of|NaC! Is dissolved In 20g of water. 


Ans. Given Data: 
Weight of NaCl = 2.0g 
ee ~» Weight of solvent = 208. = - -— 
te © Weight of solution=.20 + 2.0 = 22g ae 

Required: _ : - 7 = = 
=="s==parteritage of NaCl by welght =? : 
Solution: 
Formula sechaine 

Weight of Na 
Weight of solution * 490 of 


2.08 


% of NaCl by weight = 


x 100 


22g ; 
% of NaCl by weight = 9.09% Answer SS tun 


e given solution. 


‘Example (2): 
Calculate the molarity of a solution containing 20.78 of K:COs 


dissolved In500cm, 


Ans. Given Data: 
Mass of K,CO, = 20.7g 
Molar mass of K,CO, = 39 x 2 +12+16*3 
= 138g/mole" 


© Volume of solution = panei = ‘000 Am” = 0: sdm? 


Required: 
~Molarity of solution = ? 


scnolar'ss CHEMISTRY _ y; (eben 


Gees ee ee 
formula 


‘sanity 2 Massof Sohue P i] 
lolar Mass of Solute Volume of solution i 
Aims lution in dm? 
Molarity = pv 
138g mol 0.Sdm? 


Molarity = 0.3 mol dm? 


Mass of Toluene = sg 


Mass of Benzene = 250g = 2, = 0.25kg 


Molar Mass of Toluene C,H,CH, =12%74+8x1=929/mole 


Required: 
molality of Solution = ? 
Feit . 
* 7 . hi, 
“rlaty(m) = - lass brdoniie 


Malar.mass of solute *Manatsnen 
Si 1 
ali -—s_.,, 
molality (m) 92gmol- * 0.250Kg 
= 0.217 mol kg 
molality of solution = 0.217 mol kg” Answer 


a 


Example (4): 


Calculate mole fraction and mole Percentage of each component In a solution having 92g ethyl alcohol, 96 of 


methyl alcoholand 90g of water. 


Mass of enthyl alcohol (C,H,OH) = 92g 
Mass of methyl alcohol (CH,OH) = 96g 
Mass of water (H.0) = 908 

ee 


Mole faery of C,H,OH = Xey,y! 3!zohol = ? 
Mole fraction of CH,OH = XMethl alcohol = ¢ 
Mole‘raction of! Hi0 = Xwater=? 

Mole % of ethyl alcohol = 

Mole % of methyl alcohol = ? 

Mole % of water = ? 


tion: 
First of all get the number of moles of each 


Mass in grams of the subst2ne® 


Number of Mole of the substance = ,aolecular Mass in gram 


4 1x5 +textet 
Molar Mass of ethyl alcohol (c0H) Dee 1= 46g mol" 


= 2moles 
Number of mole ethyl alcohol = war 


= 


Jo, qurteviay 


— ~=—)—ltlt—OC 


Molar mass of methyl alcohol (CH,OH) = 12 + 4 +46 = 32g mol" 
Number of moles of methyl alcohol = yet: =3 moles 


2g mol! 
Molar mass of water (H,O) = 2 + 16 = 18g mol” 
Number of moles of water = — 908 = Smoles 
18g mol 
The mole fraction of any components is ratio of its moles to total number of moles. 
2 2 2 
Xethyl alcohol = 2+3+5 10797 
a a F 
_ Xmethyl alcohol = 24 345 "10793 


x, ——— 
water ~2+3+5°10 

Mole percentage of component is obtain by multiplying the mole fraction with 100. 

Mole % of ethyl alcohol = 0.2 x 100 = 20. . 

Mole % of methyl alcohol = 0.3 x 100 = 30 

Mole % of water = 0.5 x 100 = 50 


Example (5): ‘ 
Sea water has 5.65 x 107g of dissolved oxygen in one kg of water. Calculate the. concentration of oxygen n 
sea water In parts per million. 


Ans. Given Data: 
Mass of oxygen = 5.65 x 10% 
Mass of water = kg = 10° 
Required: 
Parts per million of oxygen =? 
Solution: 
Formula: 


=0.5 


Mass of solute ‘ = 
Parts per mitlion (PPM) © Fiass of solution * 10 


3 
PPm of oxygen in sea water = se x10° 


Part per million of oxygen = 5.65 
Example (9): 


Ans. Given Data: ° 
Vapour pressure of water = 28.4torr 
Mass of sugar cane = 70g 
Mass of H,0 in solution = 1000g 
Molar mass of C,,H,,0,, = 12 x 12 +1 11416 % 11 
= 144 + 22 +176 = 342g mor” 
Molar mass of H,O = 18.02g/mole 
Required: 
Vapour pressure of solution = ? 
Lowering of vapour pressure = ? 


Mass 


Number of moles of compound = T7519, sass 
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a ae 


Number of moles of SUBAF CaHt,0,, = 9, 2 70g 
342g mor" 
"0.20 moles 
Number of moles of water H.O=n, .—1000g 
18.02g mor 
T Otal number of moles = n, +n, sora 
= 55.69moles 
i 
n+n, 


Mole fraction of Sugar = X, 


55.69 = 0-0036 
Mole fraction of water= x,» —s_ 
a +n, 
33:49 
55.69 "09966 
Applying formula for vapour pressure of solution 
P = P°X, = (28.4) (0.9964) = 28 29torr 
‘So, vapour pressure of solutions = 28.29 
Lowering of vapour pressure = 28.4 - 28.29 
£0.11 torr : 
OOO EEE 
Example (10): 
Pure benzene has'a vapour pressure of 122.0tor at'32°C .. When 20g a non-volatile solute were dissolved in 
300g of benzene, ‘a vapour pressure of'120' torr was observed caiculate'the molecular mass of the solute, The 
molecular mass of benzene being 78.1 


Glen Data: 
Mass of solute dissolved = W, = 20 


Vapour pressure of pure solvent = P° = 122.0 torr 
Vapour pressure of solution = P= 120 torr 

Lowering of vapour pressure =.AP = 122.0 - 120 = 2.0torr 
Molar Mass of solvent = M, = 78.1 

Mass of Solvent = W, = 3008 


Required: 
Molar Mass of solute = M, =? 
Solution: 7 
We know that , 
4p . MM 
p>’ M;, Ww 
WM, 
M,= by wy 
Putting the values 
taz.0torr 205x784 000 
n "2.0 torr 3008 
= 317.65 mol” 
Molar Mass of solute = 317.66 01" 


Ans. Given Data: 


Boiling point of pure water = 99.725°C 

Mass of solvent water = W, = 600g | 
Mass of solute = W, = 24.00g . 
Molar Mass of solute = M, = 58g mol” « 

The molar boiling point constant = K, = 0.52°C 


Required: 


Boiling point of the solution = ? 


Solution: 
Formula 


Ww, 
AT = Ke x x1000 


My 


0.52 x 24.00 
= 
600 x 58 


AT, = 0.358°C 
Boiling point of solution = bolling point of pure solvent - Elevation of boiling point 
= 99.725 + 0.358 tere 


x 1000 


. 100,083°C < 


Example (12): (a1: ole: 


The freezing point of pure compare |s.178.4°C . Find the freezing point of a sojutionsicontalning 2g.0f a nor- 


volatile compound, having molecular mass 140;0, in:40g of camphor The:molar. freezing point contentof camphor 


37.7°C kg mole” 
SS 


Ans. 


oe 


Given Ds 
Freezing point of camphor = 178.4°C 

Mass of solute = W, = 2.008 

Mass of solvent = W, = 40g 

Molar Mass of solute = M; = 140g mol” 

Molar freezing point constant of solvent = 37.7°C kg mol” 


Required: 


Freezing point of solution = ? 


Solution: ' . 


Formule: 


A= K, —Y— x 1000 
mky "he nt 148 


XM; ion In freezing pal } 
We have to calculate, the freezing point of solution, so first we get the depression & 
subtract it from freezing point of pure solvent 
37.7x2 
AT, 
"* 4ox149~ 10% 
AT, = 13.46°C 
Freezing point of solution = Freezing point of solvent - AT; 
© 178.4°C - 13.46 = 164.94 °C | 
Freezing point of solution = 164,94°C 


‘Ans. 


Produce Cu(OH). and H. 


CuSO, + 4.0, Ca(OH), + 2H". so 
Cu(OH), is a weak base and does Pot i ad ae 


lonize in water, whi 
produce H* 


ee le H,SO, 1s a strong acid coin;:!e101y crue in water to 
and SO;*ions. Due to complete ionization of 


increases and the solution become acidic in natura :S0,, the concentration ui s the solution 


following reasons, 
(i) Due to presence of solute particles, 


i the escaping tendency of solvent particles from the surface fo the 
solution decreases and its vapor pressure is lowered. 


= 
4 
¢ 
“ 
nr 
; 
(ii) Forces of attraction are produced between solute and solvent particles, which also Nidders the | 


evaporation of solvent molecules and its vapour pressure decreases. G 
CU "Give shy two polnts whictrstow theidealtty of asolution: — TESA 


Kins. When two Tiquid substances are mixed together, the solution formed may be Ideal ornormideat. A soMtron ts 
called ideal, if it obeys the following conditions. 


(i) If the forces of interactions between the molecules of different components are same as when they 
were in the pure state, the solution is ideal. 
(ii) If the volume of the solution is equal to the sum of the individual volumes of the components, the 


solution is ideal. 
Qa Differentiate between hydration and hydrolysis, with one example each. 


{I) The process in which water molecules surround and | ()) The reaction between the salt and the H” and 
Interact with the solute ions Is called as hydration. 


OH" ions of water to produce acid or base is called 
hydrolysis. 
{ii) in hydrolysis, the solute ions combine chemically 


{H)In hydration complete water molec with H’ or OH" ion of water to produce new 


Physically attached with solute ions due to ion-dipole compounds. 

Interactions, During hydrolysis, the pH ‘of solution is usually 

(Ill) Hydration does not alter the pH of the solution. pit = : 
“ 

eg, Nav.) +H: 7 Nee eg, CuSO, 


aa) + H;0,,, + Cu(OH), + H.SO, 


&__ Define hydration energy. On what 
Ans, Hydration Energy: 
“The amount of heat evo! 
Infinitely dilute solution is cll Z 
Hy +HO 9H oH 
Factors Affecting Hydration EWTN yependu 
Generally the hydration enereie 


factors dot depends. 


are dissolved in water to form an 


Je of gaseous ions 
bed when one MO 
Ived or abso" . 


pon their charBe densities 
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| J 


Chapter 1 | 


BASIC CONCEPTS | 
: 

! | : 
| 


Greek philosophers 


Greek philosophers thought that matter could be divided into smaller and smaller 
' Particles to reach a basic unit which could not be 


these smallest indivicj ; further sub-divided: Demoeritas named 
smallest indivisible Particles as atoms derived from. “atomos”_ which means Dalton’s atomic theory © 


ek. These ideas of Greek philosophers were not based on experimental evidences. Started chemistry on 
17 Century work the road from a branch 


In the late 17" century, the quantitative study of the composition of pure Of prmosopy sts We 
substances disclosed that a few elements were the components of many difficult scence witch” 1s 
substances. It was also investigated that how elements combined to form compounds and today. 
how compounds could be broken down into their constituent elements. ; 


Dalton’s work , 


j In 1808, an English school teacher, John Dalton recognized that law of 

conservation of mass and law of definite proportions could only be explained by the 

existence of atoms. He developed a theory about atom called Dalton’s Atomic Theory. 

The main postulate of atomic theory is that all matter is composed of atoms of different Element - 

elements, which differ in their properties. A substance consisting of 

; cae , atoms which all have the 
oe . A ‘ <n Al Same number of protons 
The smallest particle of an element which can take part in a chemical reaction is he the seme: sonic 
called atom. number. Elements are 
of chemically the sirtiplest 

The smallest particle of an element which may or may not exist independently is oe Pre teppice! 
called atom. further using chemicat 


Examples ; methods. Elements can 
Atoms of He, Ne, Ar, Kr, Xe and Rn can exist independently while atoms of H, only be changed into 

O, N etc. do not exist independently. ee = using 

Sub-atomic particles ! methods 


According to modern researches, atom is composed of sub-atomic particles ~ 
electron. proton, neutron, hypron, boson, neutrino, antineutrino etc, More than 100 suc 
particles are thought to exist in an atom. However, electron, proton and neutron are jianuies ten 
regarded as fundamental particles of atoms. | ee 
Berzelius’s work ab more then 


‘ = llowing contribution in experiments .. 
Swedish Chemist J. Berzelius (1779 1848) has following cc . 
to determine atomic 
, masses for $0 
the modern values of atomic masses. elements then known, 
e He developed the system of giving element a symbol. 


chemistry 


© He determined the atomic masses of elements. A number of his values are close to 


PPPPP PPPPPLPD 


Chapter 9 
; density = Charge of ion Robin 


Sizeof ion 
tons having high charge density have high values of hydration energies and vie versa 


Important Previous Board Questions 

Why a non-volatile solute in a volatile solvent lowers the va 
What is positive deviation from Raoults Law? 

Heat of solution of a substance is measure at infinite dilution. Why? 
Freezing point of solvents are depressed due to presence of solutes. Justify. 
What are colligative properties? Why are they called so? 

Why aqueous solution of NH,Cl is acidic but CH,COONa is basic? 

When we plot a graph between temperature and compositions 
obtained. We get two curves even for ideal solutions. Justify it. 
Lower density of ice than water has got significance. Comment. 
Ethylene glycol may be used in the radiator of an automobile. Give two aspects of its use. 
What is meant by minimum boiling point mixture and maximum boiling point mixture? 
Why Beckmann’s thermometer is used to note depression in freezing point? 
Give hydrolysis reactions of urea and glucose. 


Pour pressure of solution? 


For Answers study Scholar's CHEMISTRY (Objective) X! 


Of binary liquid mixture, a Straight line is no | 


senolat's CHEMISTRY —X1 Subjecng 
et eee Se 


Chapter 1 0 


Voltaic/galvanic cell 


In this cell, electrical energy is converted into chemical In this cell, the chemical energy is converted into 
energy. electrical energy. 


Non-spontaneous redox reaction takes place. Spontaneous redox reaction takes place. 


Electrical energy is used to carry out reaction. Electrical energy is generated by a chemical reaction. 


Electrolysis takes place. No electrolysis takes place. 


Anode is positive and cathode is negative. Anode is negative and cathode is positive. 


e.g. Zn-Cu cell (Daniel cell), lead storage battery, silver 
oxide cell etc. 


€.g. Down's cell (to prepare pure Na-metal); Nelson's 
cell (to prepare caustic soda commercially) etc. 


a a er FS ee an PA So 


Q4. (a) Explain the term oxidation number with examples. 
(b) Describe the rules used for the calculation of oxidation number of an element in molecules and ions giving 


es SSS 


Oxidation Number rules can be 
of an element in a molecule oF in 2M sooiieg to any compound, whether 
ton of covalent or ionic species. 


Oxidation Number/Oxidation State 


“The apparent charge on an atom of an ° 
ion is called oxidation number or oxidation state 


= It may be zero, positive or negative. 
Rules for assigning oxidation number 
) The oxidation number of all elements in the 


free state is Zero. This is often shown as a zero-written on the symbol. 


, the ion. 
- ‘ ingle element, is the same as the charge on 
(ii) The oxidation number ofan on consiting SPE 2 peeps: ishidee tag an “88 
ae “lca Als metal ss Tt § 
(iy plademmamasnnt en in all its compounds except : 
oxidation number 
CH;', H;'0, H"'Clete. 
In metal hydrides it is -1. ¢8- N® 


aa Gh” te 


(iv) 


The oxidation number of oxy 
Peroxides and +2 in OF). 


(v) In neutral molecules, the algebraic sum of the oxidati 
(vi) In ions, the algebraic sum of oxidation number equal. 
(vii) _In any substance, the more electronegative atom has 


gen in all its compounds except in Peroxides, OF; 


on numbers of all the elem 
Is the charge on the ion, 


Oxidation Number of Cl = -1 


Requirement: 
Oxidation Number of Cr= x=? 
Solution: = r sie er 
Oxidation Number of Gr+(O.SOFCI3=0 TMi dat Rie i 
X+3(-1) =o 
x-3 =o 
x =43 
Answer: Oxidation Number of Cr =+3 in CrCl; 
qi) Cr,(SO,), 
Ans. Data: F 
Oxidation Number of O =-2 
Oxidation Number ofS = +6 
Requirement: 
Oxidation NumberofCr =x =? 
Solution: . 
2(Oxidation Number of Cr) + 3(0.S of S) + 12(0.S of 0) =? 
‘ 2x +3(46)+12(-2) =O 
2K+1B = 24 #0... = 
: 2k = 24-18 = +6 
x =43,, 
Answer: Oxidation Number of Cr is +3 in Cr;(SO,);. 
(il) * Kero, : " : aa cx rs 
Ans. Data; 
Oxidation Number of O = -2 
Oxidation Number of K = 1 
Requirement: sad 
Oxidation Number of Cr= x =? 
Solution: 
2(Oxidation Number of k) + (Oxidation Number of Cr) + 4(Oxidation Number of O) 
2(+1) + (x) + 4(-2) =0 


424x-8 =0 
x 48-2546 


Answer: Oxidation Number of Cr= +6 In K,CrO, 
(v) — K,Cr,0, : 
Ans. Data: 


Oxidation Number of O = -2 


the negative oxidation number, 


Q4. (c) Calculate the oxidation number of Cr in the following compounds, aaa 
1) Crd, 
Ans. Data: : . 


and in super Oxides is _2 h 
Wis. 


ents is zero, 


20 


scholar’s CHEMISTRY _ x; (Subjective) 


Ww) 


Oxidation Number of K = 4 
Requirement: 
Oxidation Number of Cr= x=? 
Solution: 
2(+1) + 2(x) +7(-2) zo 
+2+2x-14 20 
2 84-2242 


x 246 
Answer: Oxidation Number Of Cris +6 in K,Cr,0,. 
cro, 
Data: 
Oxidation Number of O = -2 
Requirement: 
Oxidation NumberofCr=x =? 
Solution: 
(Oxidation Number of Cr) + 3(Oxidation Number of 0) #0 
x+3(-2) 
x-6 
Answer: Oxidation Number of Cris +6 in CrO,, 
Cr,0, 
Data: 
Oxidation Number of O =-2 
Requirement: 
Oxidation Number of Cr= x=? 
Solution: 
2(Oxidation Number of Cr) + (Oxidation Number ofO) =o 
. 2x+3(-2) 
ux-6 
x 
x 
Answer: Oxidation Number of Cris +3 in Cr.0). 
Cr,0} 
Data: 
Oxidation Number of O = -2 
Oxidation Number ofCr:x =? 
Solution: #0) =-2 
2{Oxidation Number of Cr) + 7(Oxidation paca na 
2-16 
ax=44-2 
x 
oer of cris #6 INCHO3 


Answer: Oxidation Nu 


=0 
=0 
346 


=0 
20 
246 
43 


407 


0] Ca(GO,), 
Ans. Data: 

Oxidation Number of O = -2 

Oxidation Number of Ca= +2 

Requirement: 

Oxidation Number of Cl = ? = x 

Solution: 

Oxidation Number of Ca + 2(Oxidation Number of Cl) + 6(Oxidation 
+2 + 2x + 6(-2) =o 

2x =H12-2=+H0 

x =E+5 

Oxidation Number of Cl is +5 in Ca(CiO,),. 


Number of 0} 


Oxidation Number of O = -2 
Oxidation Number of Na 
Requirement: 
Oxidation Number of C =x =? 
Solution: 
2(Oxidation Number of Na) + (Oxidation Number of C) + 3(Oxidation Number of 0) 
2(#1) + (x) + 3(-2) =0 

2+x-6 =o 

x =4+6-2=4+4 
Oxidation Number of C is +4 in Na,CO,. 


a+ 


Answer: 
(itl) Na,Bo, 
Data: 
Oxidation Number of O = -2 
Oxidation Number of Na 
Requirement: p 
Oxidation Number of P = x =? 
Solution: 
3(Oxidation Number of Na) + (Oxidation Number of P) + 4(Oxidation Number of O) 

3(+1) +x + 4(-2)= 0 

+34+x-8 =0 
“0 weB-3 = 45 

Oxidation Number of P is +5 in Na,PO,. 


a+ 


5 Answer: 
(w) HNO, 
Ans. Data: 
Oxidation Number of O = -2 
Oxidation Number of H = +1 
Requirement: 
Oxidation Number of N =x =? 
Solution: 


Cha il 
Pter 10 (Blectroe scholat’s CHEMISTRY — x1, 
Q4.__(d) Calculate the oxidation number of elements underlined in the following jective) 
Sa 


(0) 
Ans. 
=0 
(wv) 
Ans. 
=o 
(vil) 
Ans, 
=0 


(Oxidation Number of H) + (Oxidation Number of Ny F 
(1) +x+3{-2) <9 * 310xidation Number of 0) 


4K-6 2g 


: x 246-1245 
Answer: Oxidation Number of w is[S]in HNo, 
€s,(9,), ; 
Data: 


Oxidation Number of 0 =-2 

Oxidation Number of Cr= +3 

Requirement: 

Oxidation Number of § =x =? 

Solution: 

2(Oxidation Number of Cr) + 3{Oxidation Number of 5) + 12{Oxidation Number of 0) 
2(+3) + 3x + 12(-2) =0 


+6+34-24 50 
3x=+24-6- = +18 
x 846 
Answer: Oxidation Number of Sis +6 in Crs{SO,)s, 
HRO, 
Data: 


Oxidation Number of O = -2 
Oxidation Number of H = 
Requirement: 
Oxidation Number of P =x=? 
Solution: 
(Oxidation Number of H) + (Oxidation Number of P) + 3(Oxidation Number of O) 
14x 43(-2) =0 
+14K-6 =0 
x 346-1245 
Answer: Oxidation Number of P is +5 in HPO). 
K,Mn0, 
Data: 
Oxidation Number of O = -2 
Oxidation Number of K = +1 
Requirement: 
Oxidation Number of Mn 
Solution: ah 3 
2{Oxidation Number of K) + (Oxidation Number 
2(+1) +x + 4(-2)# 0 
2ex-8 
x 
#6 In K. MnO, 
Answer: Oxidation Number of Mf Ld) 


exe? 


Mn) + 4(Oxidation Number of 0) 


=0 


=0 


=O 


oxidation nu 


ations by Oxidation Nu 


Carry out the following steps for balancing of redox 


(i) Write down the skeleton equation of the redox reaction under consideration, 
(ii) Identify the elements, which undergo a change in their oxidation number durin th 
(iii) Record the oxidation number above the symbols of the element, which have tn . 
number. undergone a Change in the Kida 
(iv) Indicate the change in oxidation number by arrows joining th 
number of electrons gained or lost. Hing he stoma on both sides of ih SAUATION. I sho 
(v)  Equate the increase or decrease in the oxidation. number, i.e-el i 
suitable digit. SieOns Bsined oF lost by multiying wi, 
(vi) Balance the rest of the equation by inspection method. 


Q5. (b) Balance the following equations by oxi-number method. 
(i) Cu + HNO, —> Cu(NO,); + NO, +H;0 
Ans. 


(i) Write the equation with the oxidation number of each element. 


Oot o3(-2)3 $2 10-296 44 (-2)2 (+1)2-2 


Cu+HNO, —Cu(NO,), +N O, + H,O 
Identify, those elements whose oxidation number have changed. | 
o 2 “ 
Cu+HNO, + Cu(NO,), + NO, +H20 
Write HNO, twice on left hand side because N is present in two oxidation form on right hand side ise. +5 and +4 
° 3 2 “4 

HNO, +Cu+HNO, — Cu(NO,), + NO, +H20 

Draw the arrows between the same elements whose oxidation number have changed and mention number o 


(ii) 


(iv) 


electron gain or lost 


Oxidation (-2e") 


TF? 


° +s 2 “4 
HNO, +Cu+HNO, -> Cu(NO,), + NO, +H20 
ee 


Reducuon(+e") 


(v) Equate the increase or decrease in the oxidation number by multiplying with suitable digit. 


Oxidation(~2e") 


i 
+s 2 “4 
HNO, +Cu+ HNO, + Cu(NO,), +NO, +H20 


Reduction( +e") «2 
HNO, +Cu+2HNO, -> Cu(NO,), +2 NO, +HzO 
Balance the rest of the equation by inspection method. 
2HNO, + Cu +2HNO, -> Cu(NO,), +2NO, +2H,O 
or 
Cu+4HNO, — Cu(NO,), +2NO, +2H,O 


(vi) 


senalat's CHEMISTRY — x1 (545, on 


Zn + HNO, —> 2n (NO +NO+ 1.0 


iy Write the equation with the oxidation num 
(i) . 0 testy saa Me of ac element. 
20+ HNO, ~ Zn(N0,) ids 
3 tify, those elements whose oxi : 
{ii) Identify, sale i xidation number have changed, 
ZutHNO, > Zn(NO,), * NO+H:o 
(iii) Write HNO, twice on left hand side because Nis Present in two oxi 


idation form on right hand side ie. +5.and +4 


os a i 
HNO, +Zn+HNO, > Zn(NO,), +NO+H:0 


(iv) Draw the arrows between the same ele 


Jectron gain or lost MeNts whose oxidation number have changed and mention number of 
e 


Orudation(-2¢ ) 


oo 2 « 
HNO, +Zn+HNO, + Zn(NO,), +NO+H:0 
Reducton(+3e") 


(v) Equate the increase or decrease in the oxidation number by multiplying with suitable digit. 


Onidation(-2e°)+3 


“6 2 2 
HNO, +Zne HNO, - Zn(NO,), + ploeto 


(v) Write equation without arrows and without oudation number. 
HNO, +3Zn+2HNO, — 3Zn(NO,), +2 NO+H:0 
(vii) Balance the rest of the equation by inspection method. 
6HNO, +3Zn + 2HNO, — 3Zn(NO,), +2NO+4H,0 
or 
3Zn + 8HNO, -» 3Zn(NO,), #2NO+4H,0 


{i) _Br,+ NaOH —> NaBr + NaBr0, + H.0 


: f each element. 
Write the equation with the oxidation wee ; 
Br+NaBrO,+H:0 


ation number have chaneee 


ee ‘ two oxidation form on right hand side i.e. -1and +5 
esentin 


Cee 


Br, +NaOH Na 
Identify, those elements whose oxid . 
Br, +NaOQH > NaBre NaBr0, 
Write Br,twice on left hand side because meson 


3 
NaBr+NaBrOs 
s whose ©) 


+H:0 


idation number have changed and mention number of 
xidat 


o 6 
Br, + Br, + NaOH > ferent 
. ¢ el 
Draw the arrows between the sme 
Electron gain or lost 


412 


Chapter 19 S yo 
| eal 2 


naa | 


° ° =i. * 
Br, + Br, +NaQH > mish raNeirois H:0 


Oxidation(-10e") 


umber of each 
92M (612g (aye element. 
FeSO, 2 SA (Bea) (ay97 

RG OoH RUSS") Lg) eee 

+ 2 
) (ers \*™ 0,+ H:0 

mber have changed. 
oy 
0,+H,S0, +Fe(0,) 


(iil) Draw the arrows between the sa 


(v) Equate the increase or decrease in the oxidation number by multi 
Reduction(+2e°)x$ 


‘Eee. 


° ° “1 * 
Br, +Br,+NaOH > aNeBrsBNaliro.s H.0 


plying with Suitable digit. 
tip Identify, those elements whose oxidation nu 


= “ 
FeSO,+K,Cr, cr 

+ Ky Cr, +¢(so,) +K,S0,+H:0 
’ 3 . 


Onidavon(-10e") 1 electron gain or lost ime elements whose oxidation number have changed and mention number of 
) : 
(vi) Write equation without arrows and without oxidation num! Su.) 
ber. | ee 
Br, + 5Br, +NaOH — 10NaBr+2NaBr0,+H20 = (op 

: ‘ fh e 2FeSO -' .1,0,+H,S0.-+Fe.{ so, yore y 

(vii) Balance the rest of the equation by inspection method. 20; +H, SO. > Fe, .) +Cr, So, } +K,SO,+H20 
J a 


Br, +5Br, +12NaOH — 10NaBr+2NaBrO,+6H:0 


P Reducoon( se 
or (tv) Equate the increase or decrease in the onidston Number by multiplying with suitable digit. 
(Onidation(-2e")x3 
6Br,+12NaOH — 10NaBr+2NaBrO,+6H20 
By simplifying it 2 “ (on 
2Fe80,+K,Ci,0,+H,80. +F,(80,} +6;(s0,] +K,$0,+H:0 

3Br,+6NaOH — SNaBr+NaBrO,+3H:0 “4 h 

—————— OOOO 


(tv) MnO, + HCi—> MnCl, + H,0 + Cl, Reccron (vé0") 1 


(¥) ‘Write equation without arrows and without oxidstion number. 


() Write the equation with the oxidation number of each element. 6FeSO,+K, Cr, 0,+H, SO. 3% (50,) +04(s0,) +K,S0,+H:O 
5 A 


4 (22 ott 2 


(-)2 o2 32 
MnO,+HCl Mn C 1, +H10+Cl} 
(ii) Identify, those elements whose oxidation number have changed. 


hol 1 2 sl r 
MnO:+HC! > MnCl, +H20+Cl, 


(W),_ Balance the rest of the equation by inspection method. 
6FeS0,+K, Ct 0,+ 7H, $0. +3, (80,] +01{s0,) +,$0,+74:0 
5 


Le.-1ando 
(lil) Write HCI twice on left hand side because Cl is present in two oxidation form an right hand side (Wi) HNO, + Hi—> NO+H,04I, 
: “ -1 “2 Ans. * P 
ce d 5 ca dt : 
(wv) rs ciel ge = airs wine . oxidation numberhave:changed and mention’ number ) Write the equation with the axidation number of each element 
tv) Oraw arrows:-between the same'e dis 


+1s5(2B ait 22d 2e 


electron gain or lost HN 0, +H -+NO+h +H,0 


ie ed. 
Oxidation(-26) (ii) Identify, those elements whose oxidation number have chang! 
3a = = = +s 1 2 0 0 . 
2HCI+Mn0O.+2HC! + MnCl, +H, CrCl, HNO, +H! > Mo pst whose ion numberhave charged and mention rumber of 
Draw the arrows between the sa 
Reduction (+2e) Baln or lost 
(v) Write equation without arrows and without oxidation number. Ondaven(-20") 
2HCI+Mn0:+2HCI > MnCl, +H20+Cl, 5 salt ca 
(vil) Balance the rest of the equation by inspection method. HNO, +2H1 7 WO+k +h 


2HCI-Mng -2HCI> MnCl, +2H:0+Cl, 
» or 
MnO:+4HCl— MnCl, +2H20+Cl, 


Reduction +3") 


Faume the oncrease or decrease in th 


© Oxcat 


«i Wote equation without arrows and without Oxidation number ‘ 


2HNO, +6HI+2NO-3 


we Smente the "est of the equation By inspection method 
2HNU, +OHI-» 2NO + 3h: + 4H,0 


twin) Gu + H,SO, —+ CuSO, + SO, + 4,0 
———__—— 


Ars. 
6) Wine tht eQueLon with the oxidation number of each element 
2-44 2 22 6-2 24-22 (-12 2 
Ca> Hy SO, ~+€ ¥$ O, +S O,+H, 0 
Ps) 


iCertity, those elements whose oxidation number nave changed. 
+4 72 oF 
Curl, $0, -+CuS0,+ $0,+H,0 


tom} Write H,SO, twice on left hand side because S is present in two oxidation form on right hand side i.e. +6 and +4 
) ~ 2 4 “4 
H,S0, +Cu+H, $0, #Cu$0,+$0,+H,0 


(ov) Oraw the arrows between the same elements whose oxidation number have changed and mention thagioer ¢ 
electron gain or lost 


nteanme| de | 


6 4 2 6 4 
H,$0, +Cu+H, $0, +CuS 04+ $0,+H,0 


ena 


i ee é Retucucn( +26 } 
nc nillle equation without arrows and without oxidation number. - 


H,80, +Cu+H, $0, +CuSO,+$0,+H,0 
(vi) Balance the rest of the equation by inspection method. 


H,SO, + Cu+H, $0, +CuS0,+ $0,+2H,O 


or 
Cu+ 2H, $0, ~+CuSO,+$0,+2H30 al 
(vil) HI +H,50, +11, + $0, +H,0 


ans. 

() Write the equation with the Oxidation number of each element. 
Ht CM 6-2 cal 292 (2-2 
HI+H, so, et, S 0, + H,0 

(n) Identify, 


those elements whose oxidation number have changed. 


1 ry 
HI+H, So, 
(iii) Draw the arrows betwee, 7 
electron gain or lost 


(iv) Write equation 


1 715+S0,- #5 
(v) Balance the rest of the Equation by 


2HI-H2S0, -+1,+50,.24.6 


fix) N20 1:50, * M00, —+ Ha,50,+ Mn50, +0, +40 
() Write the equation with the oxidation fumiber of each element 


Nacho ht (Ra ot t-te og ei? 
NaCl Hy $04+Mn 0; -»Na,5.0, +in3 Or Chie iho 
(ii) Identify, those elements whose Oxidation number have changed 
- “ a, 6 
NaCl+H,$0,+Mn0; -» Na,$0,+MniS0,+Cir+H,0 


(iii) Draw the arrows between the same elements whose oxidation number have changed and mention number of 
electron gain or lost 


Ondacen| ie) 


-l 4 "a o 
2NaCl+H;,$0,+Mn0, - Na; $04+ MnSO,+Cly+ H,O 
Wetacwon{ vie } 
(W) Write equation without arrows and without oxidation number 


2NaCl+H,$O,+Mn0, +Na,$0,»MaSO,+ Chie H,0 
™) Balance the rest of the equation by wspection method. 


2NaCl+2H,SO,+ MnO; -» NazSOq+ MnSO,* Chat 2,0 
ion-electron method. oz 
Q6. (a) Describe the general rules for balancing a redox equation by ion electron meth ; 
of Redox Equation by lon-Electron Method 


i hich do 
in of electrons, usually involves quite a few dons, w! 
The balancing of redox equations by the loss liked for the process of balancing. The ion-clectron method 


i realy are the general rules for 
id change in valence and isi a ry those, which are essential, Following, are the ge 
tliminates all the unnecessary ions 
i i method 
lancing the redox equations by ion-electron Iv those substances that 
Write a skelton equation that shows oa pera oxid 
Split the equation into We half reactio 


reaction. 


Balancing, 


re actually involved in the reaction . 
ation half reaction and the other reduction halt 


ee a Oe ee ae. ee 
ee Ol 


| 
| 


The element should not be 
molecular or ionic species, 


() 


f atoms 
le, which should be equal 


Q6. (b) Balance the following equations by lon-electron method, Se+MN0,' 48H", py 
F 


. +4H,0 : 
Multiply each half reacti 
) 3 + $n*? Fe? +sn*% (v) piseiall eee ty Ask propriate number, so that the number of electrons on both side of the half 
Ans. reaction by 2. ; PUES, Mutiply the oxidation halt reaction by 5 and the reduction half 
(i) Split the reaction into two half reactions. : 


(¢,0,> —, 20,+2e')x5, : 
“ Oxidation-half reaction (se+mno;' bail — Mn"44H,0) x2 
sn*? sn’ (vi) Add ue tw half reactions to get the net ‘onic equation and cancel out anything appearing on both sides of the 
md equa 
mG iat resction 50,0," —+ 1060, +10e° 
Fe? —_, Fe” : 10€"+2MnO;' +16H" —s 2Mn"4gh, 
; : A 10 
(ii) Balancing the charges on. both sides of the half reactions by adding the @ppropriate number of electrons to th : 
more positive side. 


Sn? —+ Sn** + 2e° 


re" + Fe» Fe" ; (it) Crs07'+ Fe"? —+ Fe’¥+ cr"? 


side of the half 
(iii) Multiply each half reaction by an appropriate number so that the number of electrons on both ee 
reaction becomes equal. For this Purpose, multiply the oxidation half reaction by 1 and the reduction hall 


2Mn0;' +50, 0,2" +164" >. 10C0,+2Mn"+8H,0 


() 'dentify those elements, which undergo cltange in oxidation number by writing their oxidation number above 
reaction by 2 each element. 
(Sn**—» Sn** + 2e7)x1 corey 

(1e" + Fe3 —_» Fe*)x2 both ses ot (& 3] +Fe™ + Fe +Cr’ 

raring on 
(lv) ° Add the two half reactions to get the net lonic equation and cancel out anything appearing (i) Spa the rascicg extol esac 
equations, Oxidations half reaction 
Sn? Sn + 267 Fe?" > Fe* 
- + 2Fe3 2 


Reduction half reaction 
2Fe" + Sn aFe”? +n" ——— cr,0 —+20r" sci i cadia te ocadde 
, ; i both sides of oxidation a 
(i) = Mino; +G07. —> Mn” +Co, << ——S (ii) Balancing the atoms on 


4 ~ 2 4g? —+ 2Cr"#7H,0 ; ‘ ber of electrons to the 
= . jo =. ? abort Cr,0 5 +14) sides of the half reactions by adding the appropriate number of e 
: ber by-writing.theic-oxidation va (Iv) Balancing the charges on both 
(i) Identify those elements, which undergo change in oxidation numpe eae : More positive side ‘ 
each element. ss , ? Fe* > Fe” #1" : 
~ = . : - saa! 460° —? 2cr247H,0 f electrons on *=in side of the haif 
, 247" FE2(-34 2+ s4(-32 1 Cr," +14H' +6e° —> ; so that the number of 
ite number, $0 t 6 and the reduction half 
[ma or] e | +>Mn+Co, my Multiply each half reaction by an appropra ily the cxidation haf reaction by a 
Cc 
The elements undérgoing change in oxidations number are Mn and 


reactions becomes equi. For this purpose, mut 
Feaction by1 
(Fe > Fe #1e) 6 


Split the reaction into two half reactions, 
Oxidations half reaction 


G0,* —,¢0, 


(Cr,0 > +1aH’ +66 2Cr?47H,0) x4 
(wil Add the two half reactions to get the net ion: 
equation 


6Fe" + 6Fe +6 


Cr,0° +1aH*+6e 2Cr°*47H,.0 (ii) Split the reaction into two half 


reactions 
Cr,0. +6 Fe*+iaH - 5 6Fe 4 2Cr47H,0 Oxidations half reactions 
= Cu +cy? ; 
tv) fear “3 
pial Cr,0° + Cl —> Cr? +c, Reduction half reactions 
As. NO ;} —+ No, 
, 
, identify those elements, which undergo change in oxidation numbs i)__Balancing the atorts on both sides of 
. er by writ i €5 Of oxidation and 1 
each element Y WFHNg their Oxidation number atone NO +24 no,eH,0 3N0 reduction half reactions by using H” and Wid 
Balancing the charges on both sit 
>Cr sl WF more positive side Se5 ofthe half reactions by adding the appropriate MORE OF eee rome 
, ‘ . 
x ° 
(ii) Split the reaction into two half reactions, Cu Cu" s2e ~ >> ae 


Oxidations half reaction NO}! 42H" +1¢ —_, NO,+H,0 


9 . 
cr sci: (v) _» Multiply each half reaction by an appropriate number, so that the number of electrons on both Side of the half 
Reduction half reaction caaiine Qual. For this purpose, multiply the oxidation half reaction by 1 and the reduction half 
iH reaction by 2 : 
Cr,0 > — > 2Cr? ° . 
(ili) Balancing the atoms on both sides of oxidation and reduction half reactions by using H" and H,0 | (Cu Cu" azext . 
Z o (NO} +2H* +1’ —+ NO,+H,0) x2 
ae ey ch - . (vi) Add the two half reaction to Bet the net ionic equation and cance! out anything appearing dn both 
Cr;O0 > +14H* —+ 2cr *47H,0 sides of the equation 
le (iv) Balancing the charges on both sides of the half reactions by adding the appropriate number of electrons to the 2 a 
‘ more positive side . Cu — Cu™ s2e id 
4 , « 2NO4 +4" +e’ —+ 2N0,+2H,0 
2CP ->Cl:+42e 


Cr,02° +14H’ +6e° > 2Cr3+7H,0 sods 
(v) Multiply each half reaction by an appropriate number, so that the number of electrons on both side of t 


ion half er : * 
reactions becomes equl. For this purpose, multiply the oxidation half reaction by 3 and the reduction hal (wy $30? ¥ocrs 5,07 +c" 
reaction by 1 


Cu + NO}! +4H’—+ Cu" + NO,+2H,0 


(2Cl + CI: 42e).3 Identify those elements, which undergo change in oxidation number by writing their oxidation number above 
(Cr,02 +14" 460 — >» 2Cr°*+7H,0) »1 both each elemnent 2 “4 
(vi) Add the two half reaction to get the net ionic equation and cancel out anything appearing on aa Aa ws 247" wot +c “ ” 
sides of the equation 1S: os} (oi) fe J , 
. 6CI > 3C I; +60 : : ‘ ) Split the reaction into two half reactions. 
Cr,0: +14H'+6e > 2Cr*47H,0 Oxidations half reactions 4 enwt o? tia 
ee $,07 +8,0; 
COT + 6CI sraH’ 5 201! 43 C1,47H,0 Reduction half reactions 


ers a :! ion half reactions by using H” and HO 
WM  Gu+no'— 4 cy'74 NO, —— ti) ocr > Cl oth sides of oxidation and reduction 
jalancing the atoms on 
Ans. B 


ron mumbet 


28,07 +S,0; 


iting their oxidal 
i) Identify those elements, which undergo change in oxidation number by writing ocr +2H° > Cl" +H.0 


each element, 


+ t 


Balancing the charges on both sides of the half re, 
more positive side 


28,07 + S,07 + 2e7 
OCI +2H* +2e" +Cr'+H,0 
(v) Add the two half reaction to Bet the net ionic e 


28,0? +S,02 +2e- 

OCI +2H* +2e" > CI'+H,0 
$$ 

28,0; + OCI + 2H’ + $,02 +CI"+H,0 


(vi) 10;'+ AsO > AsO? +1" 


Ans. 


(i) \entify those elements, 
each element. 


sp]! fs (apy? +3 (247? 
[i 3] +o") ore [Aer] 
(ii) Split the reaction into two half reactions. 
Oxidations half reactions 
AsO; > AsO? 
Reduction half reactions 
4 - 1ojsr' 


(ui) Balancing the atoms on both sides of oxidation and reduction half reactions by using H’ and H,O 


AsO; +H,O > AsO? +2H* 
10; + 6H’ + I +3H,O 


more positive side . 
) +H, 0 + AsO; + 2H" +2e" 
10}! + 6H’ +6e" + I" +3H,0 


reaction by 1 
(AsO; +H, - AsO? +2H* +2e")x3 
(10;' + 6H° +6e" + 1 +3H,0)x1 


sides of the equation 
3As0;' + 3H,O — 3As0;' + 6H" + 6¢7 
10;' + 6H* +6e" 5 1 +3H,0 

3A80;' +10; + 3A802 +1" 


‘Quation and cancel out i i 
ep astules anything appearing on both 


which undergo change in oxidation number by writing their oxidation number abore 


° N to the 
(iv) Balancing the charges on both sides of the half reactions by adding the appropriate number of electrons 


half 
both side of the 
(v) Multiply each half reaction by an appropriate number, so that the number of electrons on 


tl 
reactions becomes equal. For this purpose, multiply the oxidation half reaction by 3;and 


a 
(vi), Add the two half reaction to get the net ionic equation and cancel out anything 


setolar's CHEMISTRY x1 Sah ci 
'e) 


vit) Cr” +BiOy > Cr,0F + 35> 
( i 


‘Ans. 
() 


(ii) 


(ii) 


(w) 


() 


(oy 


(i) 


(ity 


Pan hs ee 
Cr? ‘fa 10) } [88 SB 
Split the reaction into two half feactions. 
Oxidations half reactions 


Cr? + Cr,0? 
Reduction half reactions 
BiO} — 3Bi” 
Balancing the atoms on both Sides of oxidation and reductic 
2Cr” +7H,0 — Cr,0? +148 
3BiO;' +18H* > 3Bi” +9H,0 


Balancing the charges on both sides of the half reacti 
more positive side 


2Cr® +7H,O > Cr,0? +14H" +607 

3BiO;' + 18H” +6e" + 3Bi” +9H,0 
Add the two half reaction to get the net ionic equation and cancel out anything appearing on both 
sides of the equation 

2Cr +7H,0 — Cr,0} + 14H" +6¢" 

3Bi0;' + 18H" +6e° > 3Bi? +9H,0 

pa oe eee Pee 


2Cr” +3Bi0; +4H" > Cr,0} +3Bi? +2H,0 


ion half reactions by using H’ and H,O 


ions by adding the appropriate number of electrons to the 


H, AsO, +Cr,0; -> 3H,As0, +2Cr” 


Identify those elements, which undergo change in oxidation number by writing their oxidation number above 
se el , 


each element. <s 
(- 2 (ap os “i 

as Safes] e HyAs 0 «42Cr” 
Split the reaction into two half reactions. 
Oxidations half reactions 

HAsO, + 3H,As0, 
Reduction half reactions 

C1,07 — 2Cr” ene 
Balancing the atoms on both sides © sae 
3H, AsO, +H,0 3HsAsO. *° 


reduction half reactions by using H" and H,0 


07 Be ORR SLO ASSO, 


« 


——,-£( <i 


(v) 


(vi) 


a rere 


(i) 


(ii) 


(ii) 


(iv) 


(v) 


(vi) 


3H, ASO, +H,O > 3H, AsO, +2” +2¢ 
Cr,OF +14H* +be> > 2Cr +7H,0 


Multiply each half reaction by an appro, 


QPriate number, so that the num 
reactions becomes equal. For this Purpose, multiply the oxidation halt 
reaction by 1 


(3H,AsO, +H,0 + 3H,As0, +2H" +2e°)x3 


(C1,0? +14H* 460°  2¢r* + 7H,O)x1 
Add the two half reaction to 
sides of the equation 


9H, AsO, +3H,0 > 9H, AsO, + 6H" + 667 

Cr,0? + 14H" + 6e" > 2Cr* +7H,0 
ee ae 
9H AsO, + Cr; + 8H” ~ 9H,AsO, +2Cr +4H,0 * 


ber of electrons on 


both 5) 
reaction by 3 and ICE OF the hay 


the reduction halt 


get the net ionic equation and cancel out anything appearing on both 


CN +MnO;' + CNO' +MnO, (Basic Medium) 


Identify those elements, which undergo change in oxidation number by w 
each element 


aay 
es] 


Split the reaction into two half reactions. 
Oxidations half reactions 


CN’ + CNO 
Reduction half reactions - 
: MnO:' > MnO, se 
Balancing the atoms on.both-sides.ofoxidation-and-reduction-half reactions by-using OH=and:H;0 

CN’ +20H" > CNO"+H,0 : 

MnO; + 2,0 — MnO, + 40H + of electronstothe 
Balancing the charges on both sides of the half reactions by adding the appropriate numbe 
more positive side 

CN’ +20H" + CNO’ +H,0 + 2e 

MnO; + 2H,0+3e" ~» MnO, + 40H" nissan both sce often 
Multiply each half reaction by an appropriate number, so that the number of eran. the reduction 


tion by 3 ant 
reactions becomes equal. For this purpose, multiply the oxidation half reaction by 
reaction by 2 


(CN +20H" + CNO' +H,0+2¢° )x3 


tae Tops eat) SG ‘ 
Mn is +[éx6] +MnO,» 


(MnO; +2H,0 +3e" + MnO; +40H")x2 
\ 4 2 2 


ing on bo 
hing appearing 
Add the two half reaction to get the net ionic equation and cancel out anything 
equation 


n sides of tM 


riting their oxidation number abow 


) 


*3H.0 + 6¢ 


NW 


2MnO}' +4H,0 4 6¢ > 2Mn0, + g04- 
| 3CN"+2Mn0,'+ HO > 

| conductor 

The substances which allow electric Current t 

ee © Pass through them are called conductors, 
(1) Metallic conductors . 

(2) Electrolytes 

Metallic conductors 


3CNO = 2Mno, 


+20H 


Metallic conduction 

Most metals are conductors of elec 
metallic lattice. This electronic conduction 
Electrolytic conduction 

Conduction that takes place d 
conduction. 
Electrolytes 

The substances which allow electric current to Pass through them in molten state or. in the form of their aqueous 
solutions and at the same time undergo chemical decomposition are called electrolytes. . mK 


‘ In electrolytes. the current is not carried by the free electrons. Here the current is carried by positive and negative 
ions which are produced due to ionization of electrolyte, 


tricity because ofthe relatively free movement ofthe 
ly ir electrons throu tthe 
1S simply called metallic conduction, os 


NE 10 mobile ions of an electrolyte during electrolysis is called electrolytic 


Ionization is the process in which ionic compounds when fused or dissolved in water split up into charged particles called 
tons, 


HO 


PDBr,,) Poi) * 2Bha) 


16, . 
NaCh,) = Naja) +Chig) 
Electrolysis 
When a non-spontaneous reaction take place at the expense of electrical energy, the process is called somos 
During this non-spontaneous reaction, the substances are deposited at respective electrodes and electrolyte is decomposed 


Se wed Vy, eee ESAS 


Qi2. (a)Explainthe differences between lonization and electrolysis. 
eee=qo—o—  ———S——————————SSSSaaaaBDBanBnBnBDhDBBBBBBBBB] 
SS ee 


tonization 


em reactions that occur at 

or elecraiies AS0* | " ee ee dina be Scan onesies 's 

called electrolysis (a non-spontaneous redox 

reaction). 

flask | (ii) A specially devised electrolytic cell is used to 
vs | carryout electrolysis 


(i) When ionic compounds 7 
in water or in molten state, they 50! 
ions. The process is called ionization. 


up into | 


(li), An ordinary apparatus for example be: 
etc, can be used for this process. 


f ronization. 


T ii) Ouning electrolysis, the vons of electrolyte go t0 
respective electrode and undergo redox 
reactions. 
Electrolysis of NaC! (molten) 

NaCl yy <== Na" + Cy 
| pt anode | 2Cl y —> Clig * 2€ 


(iii) tons are the product o 


ee et a. ee 


Examples:- ionization of NaCl is 


fa’. + Chin) 
NaCl) <= Naja) FO 


ELECTROCHEMICAL CEL 


' 2. Galvanic or voltaic cell 


At cathode ; 2Na‘y + 


Overall 2Na‘iy + 2c1, 
reaction 


ze 2Na,,, 


> Cy +2Na,, 


Metallic or electronic Conduction 


, Electrolytic Conduction 
(i) Conduction that takes place due to mobile ; 


(i) - Conduction that tak 
electron of metals is metallic or electronic of an electrolyte ae place due to mobi ny 
conduction. 


ring elect 
electrolytic conduction. sas (leg 
(ii) Conduction is possible when metals are in solid | (ii) For electro! Pra | 
rate 3 Folytic conduction electroite ig ithe 


in molten or liquid State, 


(iii) No appreciable change in physical or chemical 
Properties of metal occurs during metallic 
conduction. \ 


(iii) During electrolytic Conduction, the ions y 
reduction or oxidation at respective electrodes 


|— 
(iv) This type of conduction decreases with increase | (iv) in electrolytic conduction 
in temperature. 


the conduction 
increases with increase in temperature, 


(v): For example, conduction of electricity through | (v) The Conduction Of current through CuS0, 
Cu-wire. : solution results in a redox reaction at electrodes. 


A cell in which électrical energy is used to bring about a redox reaction or electrical energy is produced by a 
redox reaction is called electrochemical cell. 


Electrochemical cells are of two.types: 
1. Electrolytic cell 


ELECTROLYTIC CEL 


it ion is called 
An electrochemical cell in which electric current is used to bring about a non-spontancous redox reaction 
electrolytic cell. e.g, Down’s cell, Nelson's cell etc. 


Beeerelytic conitetion Ouidation Geer” sie cae 
“The_movement of ionic charges through the liquid brought by takes place fa) 
the application of electricity is called electrolytic conduction.” Anode 
Construction of electrolytic cell : E 
The electrolyte is consisted of positive and negative ions which 2 
are free to move in the solution. When a direct current (D.C.) source is 2 5 
connected to the electrodes of the cell containing positive and negatively ez 
charged ions of the electrolyte, each electrode acquires an’ electric a 6 iy 
charge. Thus, when an electric potential is applied, the positive ions “ation of ons'8 
migrate towards the negatively charged electrode called cathode and the The migrad wfc cell 
Negative ions move towards the Positive electrode called anode. elect oe 
— + The ions in the liquid come 8 
When electrolytic conduction occurs electrochemical reactions takes place. 
with the electrodes, oe 


zi ction 
At the anode, the negative ions give up electrons and are, therefore, oxidized. 


i Jectro! 
At the cathode, the Positive ions pick up electrons and are reduced. Thus during elec 
Place at cathode. 


lytic conduction, 


products of Electrolysis 
) Using inert electrodes ( Platinum or p 


(b) When electrodes take p 


Electrolyte Copper cathode Copper anode 
CuSO4.; Cu deposits Ci solves to form 
Cu** ions 


+ Outline the important applications of el 


Agu) dissolves to form 
Ag’ ions 


[CORR PT Ty presen reerereresserserene 


lectrolysis. Write the electrochemical reactions involved therein, 


Discuss the electrolysis of CuSO, using Cu-electrodes and AgNO, solution using Ag electrode. 


Ans. (a) Electrolysis of AgNO, using Ag electrodes: 


The electrolytic cell is briefly described as 


Cathode = Ag-metal (pure) 
Anode = Ag-metal (impure) 
= 
Electrolyte = AgNO, ===> Ag" +NO, 
Reactions at electrodes are 
Ag’ > Ag” +le (oxidation) 
t . 
At anode: Ag"!+NO; > AgNO, 
at cathode: Ag’ + le” —> Ag* (reduction) 


AB" dissolves from impure electrode in solution oe 
Impurities are left at anode or as @ mud in electro! 
(b) Electrolysis of CuSO, using cu-lectroses 

The electrolytic cell is briefly described as 
Cathode = Cu-metal (pure) 

Anode = Cu-metal (impure) 


then goes to cathode where it is deposited as pure Ag-metal. 


Electrolyte = CuSO, ———_—> Cun 
Reactions at electrodes are 


At anode 


+SO? 


“) * (aq) 


Cu, Cu.) +2e 


Atcathode: = Cu") +e” > Cu 
The copper ions (Cu? 
and deposit on pure copper metal. 

Impurities are left at anode as a mud in electrolyte. 
Explanation of Electrolysis 
(a) Electrolysis of Fused Salts 

When electric current i: 
electrons and are reduced to me 

Example 
When electric current is Passed through molten PbCl,, following changes occur at the electrodes, 

PbCly) = Pb/.,) +2Cl, 

At cathode Pb” ions gain electrons and are reduced to metallic Pb. 


Poi) +2” —>Pb,,, 


CI" lose their electrons and are oxidized to Cl atoms which combine with ea 
Cig) —>Chg) +e7 


Ss passed through a fused salt (molten salt), 


the metal cations Move tow. 
4 : ards ¢, 
tal. The anions move towards anode, give uy; ds cathode, zn 


P their electrons to the anode and are ONidizeg 


At anode ch other to form Cl; gas 


Cligy + Clg) —>Clyg, 


Electron flow through the external circuit from anode to cathode. The electric current is Conducted through the 
cell by the ions and through the external circuit by the electrons. Similarly for fused NaCl, the electrolyte is decomposed 
during electrolysis. Fused Na is deposited at cathode and Clyg) at anode. 


[b) Electrolysis of Aqueous Solutions of the Salts 7 
napa of aqueous solutions of salts is somewhat complicated because of the ability of wv oe 
oxidized as well as reduced. Some metal cations aré not reduced during the electrolysis of their aqueous 
water molecules are reduced due to their greater reduction potential as compared to metal sane a 
Example: Consider the electrolysis of aqueous solution of sodium nitrate. It ionizes in aqueous solution 


NaNO; sem Na’ + NO a 
A small concentration of hydronium (H,O*) and hydroxy! (OH") ions is also formed by the disso 
water, 
H20(9 + H0(g =——= H,O/,,) + OH) 


atoms # 
pene Na’ ions are not reduced to metallic Na but HjO ions accept electrons from the cathode and H 
formed. 7 
; Hj O(a) +€ —? Hq + H20) 
H atoms combine to form H; gas 
Hy) +H, 


+ jos 
F ut wien these HO Tg 
Although the concentration of HO" ions is only 107” moldm™ lg eae a conti nd 
reduced at cathode more | 4O" ions are formed by further dissociation of w tee of the solute cations 
40°. Na’ ions remain in solution. Hy gas is evolved at cathode. Thus, the reducti 
Felative ease of the (wo competing reactions. 


— Hy) * 


AL anode both NO 


4nd OW are 


Present Hore. enidanon of Op 


oxidatioy caste, 
HON is “aster than NO) tons ‘ons will tae place because its 


OW. on 


The OH y sti 
1H StOUps combine ty 81V8 O) vasat anode 


4OH,,, 0s... 21.0 
Hydroxyl ions discfiarge on anog sand 


Cell reaction " 
Na” tons and NOS ions remam 


reason that electrolysis of Water occurs 


MB OXY gen eas and water 


Nin solution and only 


; d forms Hy and O; wases. That is the 
only in the 


But, remember that the ex; 
Expected also depend upon their concentrations. 


Electrolysis Processes of Industrial Importance 


In this case, electrolysis Of molten NaCl is carried out between tron cathode and graphite anode. During the 
electrolysis, Na metal is obtained at cathode and Cl; gas is liberated at anode as by product. 


NaCl, Naz, +Ch, 


At cathode 
2Na/,, +2e°” + 2Na 4) (reduction) 
Atanode 
Chiy —Cl, +e" ~ (Oxidation) 
Cli +Clgy Clg, 


Cell Reaction? By adding the two Teactions at ariode and cathode, the overall Teaction is 
- ~ Na‘ +2CI, —92Ne% +c 


Ng) 
(ll): Preparation of caustic soda by the electrolysis of concentrated aqueous solution of NaC! 
Nelson’ - 

gene is prepared on industrial scale by the electrolysis of aqueous solution of NaCl by using titanium 


gvell 
anode and mercury or steel! cathode in the Nelson’ cell and Casiner-Kellier gell or Hg-cel 


NaCl, == NaCl.) 


NaCl jj Naja, + Clay, 
anode aeons 
= ae Sep Ss ii ee CONatiGA) 

eh na) T = 
At cathode 


net —— H+ DOH. (Reduction) 
HO, +26 4 “ 
F re reduced (0 OH and H 
Here Na’ t reduced but HU molecules are recuse 
a’ is not f 


Cell Teaction + 20H 


xc} eH Oh tt 


liek taf ee Oe el 
ee a ee 


Now including the Na” ions on both sides. The Feaction can be written as: 


2Naiy) +2CK,,) +2H,0, > ~ 
() — > 2Nal. +20H 
Here Cl, and H, gases are obtained as by products, ad (oa) *Clagg) + Hag) 


The right half-cell is a 


5 1 
sulphate solution and the equilibrium 


Strip that di 


(iil) pape bwrattde Calcium and Magnesium ie = is Wepesctied 1M Cop, 
ium and magnesium metals are extracted by the el i May #2e ; 
: lectrolysis of the fused ch These half cells are fe 
and Mg” ions are reduced to Ca and Mg at cathode while Cl, gas is liberated at Shloride (CaCl, and MECH). ci solutions were to mix, diet cea tly by a sal bridge Ifthe 
MgCl, == Mg** + 2c1- destroying the half ces” SN TEtONS WOuld tke place 
7 . The salt bridge contai o 
At anode 2CF —-+Cl, + 2e7 chloride in a gel. Zinc tends 1 lose elects on of potassium 
+ - tectrode a . rapidly 
2 Atcathode = Mg‘? +2e — Mg The melting poi, oie pena B chess ee 1th apperc 
(iv) Extraction of Aluminium aluminium oa : eloet me = the ie through the pal ‘cheat by aoe 
ea s " r . The following half- q Copper 
Aluminium is extracted by the electrolysis of fused bauxite (Al,0;.2H 20) in the picts but this is ‘ell potential at standard conditens is Tis dora arades and 
Presence of fused cryolite (NasAIF¢). This Process is called Hall-Beroult process. at gege ‘Using molten At anode Olts. It is denoted by E® 
(v) Preparation of Anodized Aluminium: arora ene eameste 


energy requirements, Zn) >Znie +2 (oxidation) 


Remember these charge 


Anodized alumitfum is prepared by making it an anode in an electrolytic cell At cathode carriers. 
containing sulphuric acid of chromic'acid which coats a thin layer of oxide on it. : Cur? +2e" + Cu . ELECTRONS through the wire; 
The «luminium oxide layer resists atack for corosive agents. The freshly anodized aluminium is yu | overalireacton ie aac! ROS eee ies See 
can absorb dyes. 
The overall voltaic cell reaction is the sum of these two half cell Teactions. 
(vi) Purification of Copper : 7 Zn, + Cul) —>Cu,)+Zn2, B= LAV 
Purification of copper can be carried out in an electrolytic cell using impure copper as anode and a thin sheet of Representation 


Pure copper as cathode. Copper sulphate solution is used as an electrolyte. The atoms of Cu from impure Cu anode art 


: The voltaic cell can be represented as follows: 
converted to Cu?* ions and migrate to cathode which is made up of pure Cu. In this way Cu anode is purified. Impurities 


Zng)/Zn{2,1IM||CuyIM/Cu,, B= 1.1V 


‘a 
are left at anode.d * Reduction occurs at copper electrode and oxidation occurs atthe zine electrode. 
4 (vil) Electroplating F *- Sign || shows the presence of salt bridge. 
} Using various types of electrolytic cells, copper, silver, nickel or chromium plating is done in order to rit Explanation 


rusting. It is called electroplating. In this case metal to be deposited is made as anode and the article to be electroplated i 
k made as cathode. The electrolyte is a soluble salt of the metal to be deposited, = 
| Q16. (g) impure Cu can be purified by an electrolytic process. | 


cathode, 
Ans. To purify Impure copper, the impure sample Is taken as anode while a thin sheet of pure Cu as 


F the salt bridge. Since, Zinc ions are produced as electrons leave the anode, we 
haye a — bi me eieotoes a net positive charge in the left beaker. Actually, the concentration of Zn” ions 
{ngtease in, the left compartment. Similarly, the arrival of the electrons at the copper electrode and their reaction with 
copper lone tendito produce a net negative charge Inthe right becker, 

Funietioniofaalt bridge’ 


gumulation in either beaker by allowing negative 
|e :* Electrolyte Is CuSO, solution and current Is passed to perform electrolysis. \ The purpore of the salt bridge ato Pra arta bee. ths diffusional exchange of ions does 
N. Impure Cu anode undergoes oxidation process producing Cu’ ions by t9 leevat fdped vind boa A ‘would immediately stop the flow of electrons through the external 
Cu, > Cuz) +2e" (oxidation) f cu-metal. chroule 4 Oxidation reduction retetlon would stop: dot eel ngs lui feet etre i 
, These ions move towards cathode where they take up electron and get reduced In the form o! Manylothee,qxtdatton-reduction resort can be wo halfenctlons which occur a the me ropa : 
o hinkot motor y 
On OF Ay GatMi t anode, Ina laa lie cet cre excena leit canbe used ight «bul, drive w 
In this way impure copper is purified and collected at cathode leaving behind imp wcities Voltale cal a Peversible call 1 clreuit i roplaced by & sourve rb peg pala f & 
t ul in 
Qi3. Describe a galvanic cell explaining the functions of electrodes and the salt bridge. sia On. char tend Sabir en) rh pe feared - hese Teal I called reveraible cel (i 
rode ‘ non-sponianeous 
‘ergy or work to the cell so that the revers# 
: ically connected. ¥ togive 
“A voltaic or a gatvanic cell consists of two half-cells that are nie, "ferudreacton col the alt rat iatiat q 
Each half cell is a portion of the total cell in which a halfreaction WK6# Pl ing ine followind ra zine copper oll 23 2e 2 
“y pr half-cell consists of a strip of zinc metal dipped in 1 M solution of zinc sulP . % utd, +26" (oxidation) 
equi ibrium. () d 


Za) —> Zn (a) + 207 


Overall reaction 
The overall reaction being reversed, becomes 


(aq) 


Cu acts as a cathode. 
Q16. (e) A salt bridge maintains the electrical neutrality. 


spontaneous redox reaction will occur destroying the cell so salt bridge is used, 

(n) It provides a conducting path between two half 

(iui) It maintains electrical neutrality. be 
During metallic conduction in external circuit from an 
and anode (+) would results ina voltage drop to zero. 
Salt bridge prevents charge accumulation by allowing 
and enters the anodic half cell. 

ELECTRODE POTENTIA 


When a metal strip is placed in a solution of its own ions, there are. two tendencies, 


ells. If the solutions of two half cells were t 


cells to continue the Passage of electric current, 
lode to cathode, a net charge accumulation at cathode (-) 


~ive ions to leave the cathodic half cell, diffuse through it 


(i) The metal atoms may dissolve as Positive ions. In this way, the electrons are deposited on the metal electrode. 
(ii) Metal ions present in the solution may take up electrons from the metal and are deposited as neutral 


atoms. It imparts a positive charge to the metal. 


Thus in both cases, a potential difference is setup between metal and the solution which is called single electoie 


ntial. 


“The potential set up when an electrode is in contact with one molar 
solution of its own ions at 298 K is known as standard electrode potential 
or standard reduction potential of the element.” 

It is represented as E°. : 
Explanation tema 
The electrode potential, setup when a metal piece is d ina $0 
containing the ions of the same metal, can be explained in terms of equilibrium sonnel 
between the atoms of the metal and its ions in the solution, It is-believed that Sirctons 
when a metal is placed in a solution, some of the atoms of the metal ge : 
electrons to the piece of metal and pass into solution as positively caress . 
At the same time the positively charged metal ions present in the solut ae 
electrons from the piece of metal and are deposited as neutral atom. vee i 
upon the two tendencies, the metal will become positively or negatively charg 


Processes continue at the same rate and there is no further change in the potential 
difference. 

For example, a rod of Zn will have an accumulation of negative een? an 
atoms. This layer of negative charge will attract Zn"? ions around the ber a 
around the Zn rod as shown in figure. The equilibrium state is represen 


ly —— Zn +2e° 


ullibrium 
88 compared to the solution. When equilibrium is attained, the two opposing Eq {ts lons 


of 
ization of #0 
tthe atone 


© mix direc, 
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surement of electrode Potentiay 7 
The electrode potent 


A ial of i 
electrode potential (reduction potential) (lectrode can be measy 


ea ati 4 been ted by coupling with 
determination of cell potential Of any elect in pa a conten valbe, The phd ee be ie hand 2 bara 
drogen ¢ rode, 


elect 
with the solution of its own ions is call 


electrode potential, 


(ii) tt ia ue ate a bt Concentration of solution and Uli) tis measured for one molar solution and at standard 
at any Mperature and pressure, Conditions of temperature and pressure 
Q16. (d) Equilibrium Is setu; 


p between metal atoms of electrodes and lons of metal inthe con 
Ans. This statement is illustrated by studying an ‘example: 
Consider a Zn-electrode dipped in 1M soluti 
into ions and enter the solution. 


rade is in contact 
led single 


ion of ZnSO, metal atoms from the electrode may oxidize to convert 


These electrons can be taken by Zn" ion in solution to 
Zn}2, +2e° + Zn, 


Ms) 
Initially formation of 2n"* is faster than formation of Zn atom or rate of oxidation is greater than rate of 
reduction but a time will come when a dynamic equilibrium is established at which rate of both reversible 
Processes become equal 


fay +207 


yn 
Gio. Describe the construction and working of standard hydrogen electrode. 


tindard Hydrogen Clectrade (SHC) 


A standard hydrogen electrode consists of « piece of platinum 
Coated with a layer of finally divided platinum black (to gine are rai 
trea) and is connected witha platinum wire. Is immersed in | M HCl seluton, 
‘ Hh gas at one atmospheric pressure is bubbled 

See ili jinment of 
The platinum acts as en electrical conductor and slits he miner’ of 
Squilfbritin between the gas and its ions in solution Perea are 
( dation or reduction) of this standard hydrogen electrode wrbitrar 

24r0 at all teraperatures. 


Mn ries jectrode potentlal i Jéctrode in | M solution of its own ions at 
aoe ‘ ns lecrode is measured BY dip 1 galvanic cell is formed. A voltmeter is 
el 


sorted separated ‘ porous parti ial difference is 
25°C. This half cell is now connected ——— y ae wie ope ogo ii Lope dienes i 
| $k the skonk The wo the potential of ta as standard hydrogen electrode depending upon the 
Sees ante 
r Cloctrode is zero. 
Of electrode coupled with it. 
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Examples 
(i) Measurement of Electrode Potential of Zinc 

In order to measure the electrode potential of Zn, a galvanic i 
established between Zn electrode dipped in | M solution of its oom sips 
standard hydrogen electrode at 25°C as shown in figure. 
Under standard conditions, -the-voltmeter reads 0.76 volts and the deflection is in 
such a direction to indicate that Zn has greater t 
Hydrogen. [t means that the half reaction 
Zi) Zing + 2€° (oxidation) has a greater tendency to occur than H, 
—— > 2H’ + 2c” by 0.76 volts. The standard electrode potential of Zn is, 
theréfore; 0.76 volts. The electrode reactions are 
At anode 


lendency to lose electron than 


Zn) —>Znin,) +2e 
At cathode 


2a) +2e — Hy 
Since, oxidation is taking place at Zn electrode. 
So, Oxidation potential of Zn =0.76V 
Reduction potential of Zn =-0.76V 

(li) Measurement of electrode potential of copper 
In order to measuré the electrode potential of Cu, a galvanic cell is formed 
between Cu electrode dipped in | M solution of its own ions and a standard 
hydrogen eléctrode as shown in figure. Under standard conditions the voltmeter 
reads 0.34 volts. The direction of deflection of voltmeter indicates that hydrogen 
has greater tendency to lose electrons than Cu. In other words, the half reaction 


4 Hx; ——> 2H/,,) +2e° has a greater tendency to occur than the’half reaction 
} Cu) ——> Cur) + 2e7 by 0.34 volts. 
The electrode potential of Cu is, therefore, 0,34 volts. The electrode 
reactions are . 
At anode 
Hyg) — 2H iq) +207 
At cathode 
: Cufz) + 20° —> Cu 
Since reduction is taking place at Cu electrode, so 
Reduction potential of Cu = 0.34 volts 
Oxidation tial of Cu = -0.34 volts 


Q16. (b) Standard oxidation potential of Zn Is 0.76 volts and reduction potential ~0.76 volts, 
dency of 0.76 volts 


J 
man SHE to oxi 


Ans, — Standard oxidation potential of Zn means that Zn has a greater ten 
lose electrons when connected to it. 
Zn,, Zn; +2¢ Ey, # 0.76 aes he E2, swith ravare F 
nis the Eg 
For the raverse reaction, which Is reduction of Zn" lon by ggin of two electro 
ie, witht? 


4) +20" =» Zn, Eig = 0.76 volts 


ice 
As both the reactions are opposite to each other, therefore thelr values of Ea 
Opposite sign. 


2nit and Eng #re wma 


Zn) eee Zin, + 20° 


Which is couple 
Curelectrode, it under, 
‘Uction pote 
At cathode: Cua, +2e° Cu os 

At anode: H,,, > 2H° +2¢° 

_When SHE is connected to 2n-el 

5 ect ‘ 

reduction potential than teeta it acts as cathode and Zn as anode because now SHE has greater 

At cathode 2H" +2e 4H 

At anode 2n,,) -> Zn", 426° 
HE ELECTROCHEMICAL Series 

“When elements are arranged in the order of : 

list is known as electrochemical saris” bras 


Standard Redaction Potentials (E*) of Element at 298 K 


BOES oxidation and becom 

es an 
'al Of copper is Breater than SHE. 
Mx) (Teduction) 


(oxidation) 


ode while Cu-electrode 


(reduction) 
(oxidation) 


dard electrode potential on the hydrogen scale, the resultmg 


ope: i 
“WR 
. 
—— @#8&8 ~~ ten tty een ete wee 


Electrode Standard Reduction Potential (E°) 
Li +e Li 3.045 ~ 
K+e ok -2925 
Ca? + 20° + Ca t -2.87 
Na Na'+e°+Na 274 
Mg” + 2c” > Mg 237 
AP’ +3e° > Al -1.66 
ry Zn" +26" > Zn 0.76 
g Cr +3e° + Cr ge -074 
Fe é Fe" +2" > Fe 5 mee 
ca 4 Cd" +2¢ + Cd & 70.403 
Ni é Ni* +26 Ni g 3 
Sn $ Sn +2€° + Sn g -0.14 
8 Pb + 2e" > Pb = -0.126 
Mh 4 1H +26 +H : res 
re - 1% Cu" +2 > Cu |B 1034 
E Cute 9 Cu 2 +0521 
e oe L+2e 920 § +0535 
Fy jee & 40.771 
Fi Fe +3¢ + Fe a 
e 2 ee = +0.7908 
he Ag’ +e Ag g 
il Hg" + 2¢° > He a 
e Br, + 26 > 2Br = 
Ly Cl; + 2e° 9 2CT 


: +2.87 
+20 9 2F 2 
A cares clecode potentials have been given inthe réduetton mex 


r 
+0885 
+108 
+1360 
Cl, Au’ +36 Au | #130 


i in able above TUPAC) 
im In the electrochemical seis gin of Pur a ‘Applied Chemistry ( 
Fecommended by the Intemst 


The table given above sh 


ows the standard reduction Potential of the elements 


the standard reduction potential. The table ives the reducti A Heesigiy ged in the j . 
g! luction reactions Occurring at the electrode Tyna ey 
When the electrode acts as anode i.e when oxidation is occurri “alg 
: ing at the el} 
is reversed and the sign of the potential will also be reversed e.g., the reduction See . Biven in the } 
when Zn acts as anode and oxidation is taking place at Zn electrode, the oxidation pot ote is 


the 
ential of Zn wil} ria is.7g ve 


Teducti i 
APPLICATIONS OF ELECTROCHEMICAL SERIES "on potential 


(I) Prediction of the Feasibility of a Chemical Reaction 


When we look at the electrochemical series it is easy to predict whether a Particular 
not 


Example 


Cu, can oxide solid zinc but Zn rely cannot oxidize solid copper standard reductions Potential vaiues of 
an zinc can explain this: eet 


Feaction will take Place 


Cue) +2e°—>Cu,. B® = 40.34 volts 
° ao. 6 
Zn(z) +2e° —> Zn) E°=~0.76 volts 
Reverse reaction 
Since zinc is being oxidized so the.reverse reaction will be.considered. 
Zn) —> ZnjZ, + 2e7 E° = +0.76 volts (oxidation) 
Overall reaction . 
The overall reaction will thus be, 
+ +2 o 
Cuz) + Zn) Cu, +ZnfZy E24 = 1.10 volts 
Conclusion 


The overall positive value for the reaction potential suggests that the Process is energetically feasible. If the sun 
of E* values of the two half ceil reactions is negative then the reaction will not be feasible. 
(il) Calculation of the Voltage or Electromotive (emf) of Cells vn Pare 
In a galvanic cell, the electrode occupying a higher position in the electrochemical series, will steer son will 
takes place on it. Similarly, the electrode occupying the lower position in the series will act as ca reducto 
take place on it. Let us find out a cell potential or the emf of the cell. The half cell reactions are, 


Znyy——> Zn.) +27 (oxidation half-cell reaction) 


(reduction half-cell reaction) 


, 


Cu2, +2e° ——>Cuw 
Complete cell reaction i 
Cuz) + Zn, —F Cu + ZM(0q) 


on itive. The cel 
The oxidation potential of Zn is positive. The reduction potential of Cu’? is also positive 
Of the cell is given by 


f 
| voltage oF 


Een = Fou + Ena 


oy = 0,76 + 0.34 = 1.10 volts 


Cell voltage therefore mess? 


. jreuit and ¢ 
The cell voltage or cif’ measures the force with which electrons move in the external ci 
the tendency of the cell reaction to takes place. rious reactions 10 occur 
* Galvanic cell thus gives quantitative measures of the relative tendency of the va 
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(ili) Comparison of Relative Te 

The value of the reduction keh eNCY Of Metals ang non-Metals to get Oxidi 

reducing agent. It also gives the tial of a metal Bet Oxidized of Reduced 


informati °F 2 non-metal tells : 
agent. Greater the value of standard mation about the ells us the tendency to lose clectrons and act as a 


7 tion wv) OF a species to gain electrons and a, q id 
ssn potential of ; id act as an oxidizing 
to underg and hence to act asan oxidizing Biven species, greater will be its tendency to accept electrons 
For example mn 


lons like Au*?, py‘? Hg”, Agt 
, . » Ag*, Cu 
SHE, have a strong tendency to gain clece sah and the hornet emens ike, 
___The series tell us that strong oxidis: “ecxction, 
reduction potentials, while strong reducing ane have rp Fr, Ch, Ba etc. have a large positive value of standard 
ti A . frat Ac 

(Iv) Relative Chemical Reactivity of Metals negative values like Li, K, Ca, Na etc, which lie above SHE, 

Greater the value of ‘, 
a positivelin and hones mane eon yen of a metal, smaller is its tendency to lose electrons to change into 


Examples 


Ch, Br: and 1; which lie below the 


¢ Metals like Li Na, K and Pb ae highly reactive (eas, 


) 
* Coinage metals Cu, Ag and Au are the least reactive because they have positive reduction potentials. 
¢ Metals like Pb, Sn, Ni, Co and Cd 


which are very close to SHE lowly wi 
(moderately reactive) ; ery feact very slowly with steam to liberate hydrogen gas, 
* While the metals like Fe, Cr, Zn, Mn, Al and M; 
produce the metallic oxides and hydrogen gas. 
(v)\Reaction of Metals with Dilute Acids 


Greater the value of standard reduction potential of a metal, lesser is its tendency to lose electrons to form metal 
ions and so weaker is its tendency to displace H; from acids. 


For example 

* Metals like Au, Pt, Ag and Cu which have sufficiently high positive values of reduction potentials, do not liberate 
hydrogen from acids. 

* Metals like Zn,’Mg and Ca which are close to the top of the series and have very low reduction potentials liberate 
hydrogen gas, when they react with acids. 

(vf) Displacement of one Metal by another Metal from its Solution 

Metal will displace another mietal from the aqueous solution of its salt if it lies above the electrochemical series 

Examples ; 

SS Feean displace Curam CuSO, ., __ (Fe + CuS,—+ FeSO, + Cu) 

*_Zndoes not displace Mg from solution of MgSQx 

+ Ag— Fe’? + Ag” spontaneous? If not, write spontaneous reaction involving these 


ig which have more negative reduction Potentials react with steam td 


Qi, Is the reaction Fe 


he reaction will be 
ANS. ft this Fedction Ag is oxidized and coaadreaeatunhsveieete 


os 4 volts 
At Anode Ag Agi+le Ea = aie et 
° 20.44 v 
AtCathode Fe" +e Fe” Eu =O! 
. canbe concluded by calculating Ey 


Spontaneity of a redox reaction 
Ea, = Bow +E 

= (-0.7994) * (-0.44) 

= -1.2394 volts 


. 


car 


f the value of E2., 


is negative then the reaction is not feasible and i$ non 
To make it sponta 


“spontaneous, 
neous and feasible, the reaction 's reversed and cathod, 


} 


e-a i 
Ag" + Fe?___, Fe}, ee Nodes are nterchangeg ie, 
: AtCathode = Ag" +e" + Ag® (reduction) E°, = +0.7994 volt 
At Anode Fe? + Fe" +1e- (oxidation) E2,, = 0.44 volts 


Een = 1.2394 volts 
Therefore the reaction is spontaneous 


Q14. (a) Spontaneity of oxidation-reduction reaction. ee, 
Ams. Redox reactions are of two types: 
{i) Spontaneous redox reactions: 


Occur on their own without any extern; wi 
‘al assistanc 
A © when reactants are Mined 


In electrochemical hy (reduction ) 
In ical Series, those metais which are | 
H, electrode so they possess hi re listed above 


CuSO, +Fe +Cu+ FeSO, 


Of oxidation 
(blue) (green) above Hsin electrochemical series, na OTE berate H, when react with acids as they are present 
() Non-spontaneous redox reaction: Which occur only when an external assistance is applied in the form ot Na-> Na’ +e" Et, =2.714 volt 
electric current'e:g., : 
KK +e ES 
ss 2NAClq —> 2Nayy + Clap) bs 


On the other hand Pt, Pd, Cu, Au, Ag etc. are listed below H, indicating greater reduction potential so they have 


Spontaneity of a redox reaction can be checked by the calculation of E®,. Negative potential to undergo oxidation. eg, 


if Ey is positive then reaction is spontaneous and feasible. This reaction can be used in Galvanic 'cell to 
generate electric current. For example, during a reaction of CuSO, and Fe ‘ 
(Reduction at cathode) Cu’? +2e° + Cu Ex, = +0.34 volt 


Cu+Cu*+2e B® =-0.34 volt 
Therefore these metals are not able to liberate H, gas when treated with acids. 
LEAD ACCUMULATOR / LEAD ACID BATTER’ 


> 


*  Itis commonly used as a car battery. 

(Oxidation at anode) Fe > Fe"? + 2e7 E2, =0.44 volt * Itis secondary or a storage cell. : 

° © Passing a direct current through it must charge it. 
Fea = Fou + Eig = 0.44 + 0.34 = 0.78 volts * The charged cell can then produce electric current when required. 
" ‘ 2 2 i s. Cathode . 
So the following reaction Cu” + a Fe* + Cu is spontaneou: <n SPR irarneat rea ee 
And the reaction between FeSO, and Cu. F . ; Anode 
Fe“ +Cu Cu" +Fe on 70,78 volts Its anode is metallic lead (spongy). 

el 

is a non-spontan >ous reaction. lectrolyte 


. ic aci density 1.25g em a) 
we nies a Sil ac an external circuit, it produces electricity by discharge 
lectrodes F 


i thé value of E* cell 
Q15. Will the reaction be spontaneous for the following set of half reactions? What will be th : 
i) Cr? + 30° —> Cr Eig = 2 0.74V - 


(MnO, + aH" +2e°—+Mn"+2H,0  E°, = 1.28V 


——— > out both 
= mae IL, To carry out bo! 
Ans. Both reactions are reduction type therefore they are not feasible in the same ce 


ive value 
oe Bo, +E should be a posité 
same cell one of the reaction 1s to be reversed in such a way that E24 = Eo. + hn 


So the following sets of reaction the cell has +ive E®,, value. 


aid ion) 7 Voltage 42 volts. For 12 volts, 6 cell are connected in series 
co 3 . ry ra 2 
cote AUOEESE Aaa eee" EDDA: Ae OS, rl be ovidized Pb tons, which combine with SO; sons 
‘ i ‘ 
Atanode: — ” [Cr® > Cr“ +3e°]x2 (oxidation) Scharging (Galvanic Cell) o electrons each 1 be 0 


ase 
At the anode, the lead atoms rele 


SO, 
the anode as PI 
Ps t in the electrolyte and get deposited on 

resent in the I 


reduction half reaction = 3Mn0O, +12H* +6¢° > 3Mn” +6H,O 


Oxidation half reaction = 2Cr + 2Cr*’ + 6¢e 


At the cathode 
PbO2,5) + 4Hixq) + SOG7,4) + 22° —+ PbS 


As) +2H,0,,, 


(reduction) 


At the anode 
Pb,s) + SO;i4q) —>PbSO,,,, + 2e 
The electrons released pass round an external 
vehicle, for lighting up of car lights and so on. 


At the cathode the electrons from the anode are 
undergo a redox reaction to produce lead ions and water, 


The Pb’? ions then combine with SO;2 
are completely covered with PbSO,, the cell will 
Overall reaction 


The overall reaction is as follows: 


fis {oxidation 
circuit as an electric Current to be y; 


sed for Starting the CNgine of 
fy 
accepted by PbO, and hydrogen ions from the el tro) 
‘setrolyte 
they 
tons and they both deposit at the cathode as PbSo, 
s H 


fi Whe 
cease to discharge any more Current until it is recharged, both Clectrog, 


Ply.) + PbO2,,) +4H(,.) + 28077.4) — > 2PbS0,,,, + 2H,0,,, 

A typical 12-V car battery have 6-cells connected in series, Each delivers 2V. 
Each cell contains two lead grids packed with the electrode materials. 
The anode is spongy lead and cathode is powdered PbO). 
The grid is immersed in an electrolytic solution of = 4.5 M H;SO, (30%). 
Fibre glass sheets between‘the grids prevent shorting by accidental physical contact. 
¢ When the cell is discharged, it generates electrical energy as a voltaic cell 
Recharging (Electrolytic Cell) 

During the process of recharging; the anode-and the cathode of the,external electrical source are connected to the 
anode and the cathode of the cell respectively. 

The redox reactions at the respective electrodes are then reversed. The reactions are summarized as follows: 


At anode 


PbSO,,,) + 2e7 —> Pb,,) +SO;7,,, 
(reduction) 
At cathode dk 
PbSO,,,, + 2H,O —> PbO},,, + 4H/,q) + SO sing) + 2€ 
(oxidation) 
° H ° . 5 2 
2PbSO,,,) + 2H,O——> Pb,,, + PbOx,,, + 4H74) + 280 sq) , 
ity to 1.1$g : 
© During the process of discharging the concentration of the acid falls decreasing Its density ie 1 ae 
© After recharging, the acid is concentrated again bringing its density to its initial value of Ma sisi 
© At the same time the voltage of the cell, which has dropped during discharging. return (0 


Q14. (d) Lead accumulator, Its desirable and undesirable features. a 


Ans. Desirable features: ored by recharging. fon 


(i)= Lead accumulator is a rechargeable battery where cell voltage can be brit of 10 can be produ 
(ii) Although the lead accumulator has a very small voltage (12v) but 2 cur 

it which is comparatively a large current. not 
Undesirable features: this 6 


actual practice, 
) In theory, charging and recharging can go on indefinitely, However, a 
H,50, decomposes and has to be replaced. 


(ii) With the Pas: 
<n Sage of t 
(iil) One of the worse fa the Plat 


st fact | *5 80 change the 
PSO, to builg S that batte, v Structure and batt efficie 
ie ry has lery becomes less . 
—— = 2200 t's impossible to ore ™OSt of time in discharged state. This causes x much 
ais. (a) A porous plate or a sait bridge is nor © it $0 battery has to be changed re 
Fequired inte 
Ans. There are two feasons fo, ad storage cet 
(i) Both electrodes are doped ‘ hee ° Salt bridge in eag storage cel 
in two different soluti Fame solution (30% 4 
° ONS then satt by 180.) as an electr lyte. if 
electrical neutrality, ide is used to conn olyte. If cathode and anode are dipped 


(ii) Products of both Oxidation 
therefore there is no nes thant 


Teacti 
ed of any sat bridge o° iiitelaes (P0S0,) s0 there is no chance of their intermixing 
Qi6. (f) Lead accumulator is a chargeable battery rege oak 
fon ehaenbe hen hq op 


A rechargeable galvanic cell 
electrolytic cell, 'S that cell which after discharging can be Fecharged by converting into an 


techay 
During discharging both siecle OF Secondary galvanic cell 
(PbO,) and oxidation (Pb) at a 
Reactions of discharging: 9f 30% H,S0, as electrolyte. 
At anode: Pb+sS0;? > PbSO, +2¢° 


(oxidation) 
At cathode: PbO, +4H* +2¢° 


+S07 + Pbso, +2H,0 (reduction) 


restored. 


Reactions during recharging: 
Anode will become cathode so the reaction is 


PbSO, +2e" + Pb+S07 
Cathode will become anode so the reaction is 
PbSO, +2H,0 + PbO, +4H" +507 +2¢" 
‘So we can say that lead storage battery is rechargeable. 
| Write comprehensive noteson alkaline , silver oxide and nickel-cadmium batteries, fuel cell. | 


ALK ALINE BATTERY (NON-RECHARGEABLE) 
E 


In the d: alkaline cell Zn rod is used as the anode and manganese dioxide (MnO;) is used as the cathode. A base 
KOH is used as an electrolyte due to which it is knotm as alalne batter, The batey is enclosed ina steel continer. 


(reduction) 


(Oxidation) 


Porous'Zn is used to provide it a large effective area. It allows to produce more electrical current as compared to * _ 
dry Gells. It is a long life cell. The reactions which occur are ‘SommnG; 
At aode 7 
Zng)+ 20H;4) — Zn(OH) 4) + 2€ (oxidation) ; 
At cathode . ; . 
2Mn024) +H,0 +2¢” —?Mn;0y,) +20H(,,) (reduction) 
Cell reaction 


f : 20; 
Zn + 2MaO yy) + H204y—?28( OH) * Mm 
) 


The voltage of this cell is 1.5 volts 


a 


SILVER OXIDE BATTERY 


These are tiny and expensive batteries, commonly used in 


4 electronic watch: P 
exposure cameras and electronic calculators. In this battery sil i aes; auto rile) 
cathode and Zn metal is used as anode. A basic electrolyte The Noor gee used as Casta 
Following reactions occur: Is used, 
At anode . 
2044) + 20H (aq) —> Zn(OH) 2,5, + 2€7 (oxidation) Sepa AS oe 
At cathode Pa-«: aaa 
z s 
A820) + H,0/,) + 2e° —+2Ag,,, + 20H{,,) (reduction) eee Battery 
Cell reaction 


Zmy) + AB20p) + H,0 (4) —— 2Ag,) + Zn(OH) a) 
The voltage of cell is 1.5 V. 
NICKEL CADMIUM CELL (NICAD) (RECHARGEABLE) : 
A strong cell which is widely used in i i P 
Cd and cathode is composed of NiO, fo ‘hts cell pashan rath speci epee alae is made 
At anode io , 
Cd,,, + 20H(,,, —> Cd(OH),,,) +2" (oxidation) 
At cathode 


NiO, +2H Oi.) + 2e° —+Ni(OH),,, +20H{,;) (reduction) 


Cell reaction ° 
Cd,,) + NiO.) + 2H,0,,, —+Cd(OH),.,, + Ni(OH),,,) 


The voltage of this cell is 1.4 V. 

Just like lead storage cell, the solid reaction products adhere to the electrodes. For this reason, the, reaction 
easily reversed during recharging. Because no gases are produced during either charging or discharging, the battery can be 
sealed. It is used in battery operated tools and portable computers. It also finds its application in cordless razon, 
photoflash units. 


FUEL CELLS (RECHARGEABLE) 


Fuel cells are similar to Galvanic cells by which 
chemical energy may be converted into electrical energy. In fuel 
cells gaseous fuels sucti'as hydrogen and oxygen are allowed to 
undergo a reaction to produce electrical energy: The electrodes 
are hollow tubes which are made of porous compressed carbon =¥* 
impregnated with platinum which acts as a catalyst. The 
electrolyte is KOH. At the electrodes, hydrogen is oxidized to . 
water and oxygen is reduced to hydroxide ions. 


ig = : 
[ Hajg) + 20H” (yg) —#2H0 1.) + 2€° |x2 (anode) 


Ox) + 2Hz0() + 4e° —>40H"(,q) (cathode) 


2Hyg) + On) 72H, 00) (overall reaction) 


uel cell 
Such a cell runs continuously as long as reactants are supplied. Hydrogen - Oxygen F famed x! 
importance of fuel cell that W8- df 
, ; rature $0 umbet 
These fuel cells are used in space vehicles. This fuel cell is operated at high temPe pace astronaut é 


A the 5 
product of cell reaction evaporates and may be condensed and used as drinking water PY power. 
these cells are usually connected with each other for the generation of several kilo 


Fuel cells are very efficient. They convert about 759, 
fe 


% 


lectricity 
nd pure water 
Produce potty uring space fi ' 
ns Some other cel recon teas ti, portable and sources off 


CHi+20, ~400,4214,0 


Of fuels bond 
energy 
DIFFERENT BATTERIES 


wy 
into electricity. 


Alkaline 
“ battery 


Particulars AsO b 
ee eatery = NiCd cll Pe, Fuel cell 


Ory, non- 
rechargeable 


Definition 
Change chemical energy into 


electrical energy, rechargeable 


as 
Ag,0 mixed 
é Porous carbo: 
th OH = 
Battery, 


psv___ [ray Trond eerie nec 


1.5V 


Toys, watches, 
tape recorder 


KOH is electrolyte. 
Electrolyte is basic my 
It operates at high temperature. 


MNO git Hi0m | AO gtH:On 
DZN(OH) iy PIN(OH), 
+MniOyy) +2AG 


2H,0y COOH) 
4N(OH) ay 


BHay + Orig) P2H,O 


Electrochemistry ts the branch of aclence which deals with the conversion of electrical energy to chemical energy 


and vice versa, mato or dissolved 
Blectrolytic conduction is.carried ba by in is pro pe or babe, sletial energy: 
_ Ne are dt nents ‘and for the commercial preparation of several compounds. It (s 


jootfoplating. expmuse of chemical energy, Electrode potential te 
‘cil oe a al arr ee en ne . | of an element Is 
developed when a mea ep ny ria fad 0.0 on Ele ard in nda of tl 
The potential of standard hydro standard hydrogen © ‘ving list is known as electrochenuical series, 
mensured when it is coupled wit he hydrogen. sale, the usull ng oo 
slandard clectrude potentials sore te feasibility of a redox © 


Blootrachomical series is w 


Modern batteries and fuel cell include | 
and hydrogen oxygen fuel cell 
6. The oxidation number is the apparent charged 


lead accumulator, alkaline battery, silve, 


T Oxide battery, 


0 r which an atom i 
balanced using oxidation number method and ion electron oa Pmolecale, Redox 


chemical uations 

Ql. Multiple choice questions: 

(i) The cathodic reaction in the electrolysis of dil.H,SO, with 
luction (b) Oxidation (c) Both reductio; 

(ii) Which of the following statement is NOt correct about 


Pt electrode is: 


Nn, Oxidation (d) Neither Teduction nor Oxidati 
ion 


galvanic cogil? 
(a) Anode is -ively charged lonrfoctin at anode 
(c) Cathode is tively charged (d) Reduction at ca thode 
(iii) Stronger the oxidizing agent, greater js the: : 
(a) Oxidation potential Leef Reduction potential 


(c) Redox potential 


‘ d) e. 
(iv) Ifthe salt bridge is not used between two half cells, then the vol @emfoteay 


Bo tage: 
(a) Decreases rapidly (b) Decreases slowly  (c) Does not change a to zero 
Ifa strip of Cu metal is placed in a solution of FeSO,: 


(a) Cu will be dey (b) Fe is precipitated out 


Solved Exercise MCQ’s 


OoNe Answer Reason 


(a) Reduction Usually during electrolysis the reaction takes Place at cathode is reduction 
reaction. Pt is an inert electrode. 
fa | (b) Reduction at anode In galvanic / voltaic cell, at anode oxidation takes place. 


{b) Reduction potential 


(c) Cu and Fe both dissolve No reaction takes place 


Greater the value of standard’ reduction potential of a given species, greater 
will be its tendency to accept electrons to undergo reduction and hence to act 
as an oxidizing agent. 


(d) Drops to zero A galt bridge maintains the electrical neutrality. It provides a conducting path 
° _ | between e half cells to.continuethe passage of electric current: During 
accumulation at cathode (-) ahd anode (+) would results in a voltage drop to 
zero. 


metallic conduction in external circuit from anode to cathode, a net charge 


+ Di 
icke} SAdmiun, cei 


Sa be 


(4) No reaction takes place | Metal will displace anothpr metal from the aqueous solution ofits sat iit lie 
above the electrochemical series. bove the Cu in 
Fe can displace Cu from CuSQ, because Fe ia vara result ft 
electrochemical series but Cu cannot displace Fe famh FeSO. Ava 
strip of Cu «...:al is placed in a solution of FeSO,, no reaction 


Q2. Fill in the bisnla: 
(1) The oxidation number of O-atom isin OF, and__in HO. fF electrolyte is 
(li) Conductivity of metallic conductors is due to flow of ___ while that of 


due to fw of 


_——, 


(Iii) Reaction taking place at the is termed as oxidation and at the _ is reduction. 
(iv) ___ is setup when's metal is dipped in its own ions. 

(¥)— Cumetal__at the Cu-cathode when electrolyte is performed 
(Wi) The reduction potential of Zn is volts and its oxidation potential is_— 


(vif) In the fuel cet! react together in the presence of, 


i000, 
for CuSO, solution with Cuscatht 


volts. 
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(vii) Hy and ©. KOH 
Qs. Tick true‘and false: 

0 In electrolytic Conduction, ele 
(ii) * In the process of electrolysis, 
(ii) Sugar is a non-electrolyte in Soli 
(vy) A metal will only allow the pas 
9) The electrolytic products of a 
(vi) Zinc can displace iron from its soli 
(vii)" “SHE acts‘as cathode when ‘conn 
(viii) A voltaic cell produces electrical ener; 
(ix) _ Lead storage battery is not a teversibl 
(9) Cr changes its oxidation number wh 


ANSWERS 


BY at the expense of due to c 
le battery. 


fen KC1.0; is reacted with HCL 


hemical energy 


ISHORT ANSWERS TO EXERCISE 
Qio. Outline construction and working of SHE. : 


SHE stands for "Standard Hydrogen Electrode.” 
Construction of SHE: 
Electrode: Piece of platinum foil which is electrolytically coated with finely divided platinum. black to increase its 
Surface area. platinum acts as electrical conductor. H, gas at one atmospheric pressure is bubbled at the 
electrode in electrolyte. 
Electrolyte is 1M HCI solution 
An equilibrium is present between gas and its ions in this half cell as 
‘ H, eqn 2H" + 207 
poten rode Is arbitrarily taken as zero. 

Standard potential of SHE: Potential ofthis elect 
Working. of SHE: SHE is used to measure the tlectrode feist 9 aot element, It Is done by coupling the SHE 
with concerned electrode through a salt bi bre : on Be cat weeaucins 
Potential difference is measured by 8 vo : 
Upon nature of electrode coupled. 
Example: : 
(1) When SHE is connected ¥ 

potential of 0.76 volts for poe Santi 
(Ii) Om the other hand if SHE ls 6 . 

reduction potential of 0.34 vOrs- 


h zn-electrode, SHE becomes cathode and Zn-anode with an oxidation 
ith Zn . 


electrode, SHE becomes anode and Cu-cathode shows @ 


ef 


Oxidation Agent 


number decreases in the reaction. 
eg. 

KMnO, /H,SO, , K,Cr,0, /H,SO, 
HNO, ,Cl,, Br, etc. 


a Why alkali metals react vigorously with water while coinage metals does not react, 
_ Ams. Smailer the value of reduction potential, greater is its tendency to lose electron and hen 
reactivity. Ce Breater is ay 
Na, K, Rb have small values of standard reduction potentials, 
these metals react vigorously with water and liberate H, gas. 
2N: 2 —>2 
2Na,, +2H,0,, > 2NaOH,,,, 


Coinage metals (Cu, Ag, Au) have high positive values 
tendency to lose electrons and are considered as least 


liberate hydrogen gas. 


Cu, + H,0,, ~ Noreaction 


a Differentiate between primary and secondary cells, 


Ans. 
Primary Cell 
(i) Those gaivanic cells which cannot be 
called as primary cells, 
(il) the electrode reactions are irre 


(il) Examples: 
Alkaline battery, 
Sliver oxide battery, 


(1) A specie which oxidize a substance in a redox 
reaction is called an oxidizing agent or oxidant, 
(ii) in the process, the oxidizing agent is reduced itself. 


{iii) An oxidizing agent gain electrons and its Oxidation 


eg., 


+ Hy,) t 


Lead accumulator. 
Daniel Cell, 


What Is emf and how we calculate the emf of a galvanic cell, 


Ans. — Eelectromotive force or emf: 


al circult ina 
The force with which electrons moves from anode towards the cathode through an extern 


Call Is calied the electromotive force (emf), 


't measures the tendency of the cell reaction to takes place. 


Calculation of emf of a Cell: 


© Letusfind the emf or cell potential of Daniel cell. The half-cell reactions are. 
(Oxidation half) 


(Reduction half) 


any > tn", + 20 


Cu") + 20 Cu, 


(ii) In the Process, the 
(iii) The reducing aj 


BENt lose ele, 
Number is increas 


‘trons i 
ed. ras Oxidation 


FeSO,, HI,SO,,Na,K ete, 


So these are highly feactive metals, Therefore 


of reduction potential. So these met, 
reactive metals. These metals cann 


reducing ag 
Feducing a 


‘als have very litte 
lot reduce water to 


Secondary Coll 


galvanic 


pepep 


The overall celj Feaction is 
Zn + Cur > Cus 
The cell voltage or emf of the 
Ey = Bu +e 
= 0.76V4 o34y 
=1.10V 


() 
Cell is. Biven by 


| : 
MPortant Previous Board Questions 


How anodized alumini 
What is the difference 
What is emf of a Celi? 
Alkali metals like (Li, Na, 
Give conditions of electric 


~+) are easily Oxidized whi 
conduction through ele 


For Answers Study Scholar's CHEMISTRY (Objective) xi 


HUM is Prepareq? 
between a cel, and a battery? 


ile coinage metals (Cu, Ag, Au) are not easily oxidize Why? 
ctrolytes. 
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Rate of reaction = Shangein concentration of he 
time taken for the change 
ac 
a 


Rate of reaction 


Rate of reaction = mold? 
8 
Rate =mol.dm*s" 


In case of gases, concentration is taken in partial pressure. So; 
Rate of reaction = S22 
Rate =atms" 
Examples of reactions with different rates 
()Miny ‘reactions, in aqueous solutions, ate so rapid that they seem to occur instantaneously. For example, a white 
precipitate Of silver chloride is formed immediately on addition of silver nitrate solution to sodium chloride solution. 
(Ul) Some reactions proceed at a moderate rate e.g. hydrolysis of an ester. 
(lif) Still other reactions take a much longer time, for example, the rusting of iron, the chemical weathering of stone work 
of buildings by acidic gases in the atmosphere and the fermentation of sugars 
Importance of rate of reaction 
The rate of reactions and their control are often important in industry They might be the deciding factors that 
determine whether a certhin chemical reaction may be used economically or not 


Graphical explanation 

During a chemical reaction, reactants are convene 

Products. So, the concentration of the products area Me 
Corresponding decrease in the concentration © reactants 

are being consumed. ik 
chan This graph is ploted fora reaction in which reactant A is 
ing irreversibly to the product B 

A——B 


Change in the concentration of reactants and products 
with time for the reaction A— 8 


ginning. Thi 


trations ofthe preg Ai ng 
Aa a 


From the graph it is obvious that ith time, 


@ The change in the concentration of the reactant A or the product B i 

decreases gradually. P Bis much more at the start of reaeti 
(ii) The rate of reaction decreases with time. 7 mm 04 then 
(iii) The rate of a reaction never remains uniform during different time intervals i oi ii ee 
(iv) It decreases continuously till the reaction ceases. . eit changing €VErY momen, = 


Rate = — 24 _ change in concentration of reactants 
A time taken for the change 
AB _ change in concentration of products 
At time taken for the change 
Differences between instantaneous rate and average rate 


aie Instantaneous rate Average rate 
The rate at any one instant during the interval is | The rate of reaction between two Specific: ti 
called the instantaneous rate, intervals is called average rate. vias 
=o 4x 
Instantaneous rate = dt Average rate = — 
At 
At first, the instantaneous rate is higher than the} At the end, average rate is higher than 
average rate. instantaneous rate. 


As the time interval becomes smaller, the average rate becomes closer to the instantaneous rate. The average mite 
will be equal to the instantaneous rate when the time interval approaches zero. Thus the rate of reaction is instantaneous 


change in the concentration of a reactant or a product at a given moment of time. . 
———————— 
QS. (i) Rete of reaction is an ever changing parameter. 

— EEE 


Ans. According to law of mass action: 
¢ of a chemical reaction is directly proportional to the product of active masses of reactants. 


According to law of mass action: - the 
“The rate of a chemical reaction is directly proportional to the active mass raya aren ores 
product of active masses if more than one reactants are involved in a chemical reaction. 

Note 

For a dilute solution, the active mass is considered as equal to concentration. 

Consider the general reaction, 


aA + bB—9 cC + dD 
According to law of mass action, 

rate of reaction <[A}‘{B)” Rate = k{A]*[B]° 

This equation is called rate equation or rate law. The brackets [ ] 
mol.dm”>. k's called specific rate constant or velocity constant. 

Suppose, 


represent the concentration in 


[A) = 1 mol.dm” 
[B] = | mol.dm” 
then Rate of reaction =k x1" x" 


f hi Inning due to greater concentration of reactants, But gradually rate gots 
of reaction is very fast at the beginning grei dirt oapnpelen it 


So, Rate of reaction = k 
Hence, 
“The specific ray 
reactants are in ey fs 


Characteristics of rate constants 
The value of k is different for gi 


A ifere 
Itis a measure of intrinsic rat Mt reactions. 


Of reaction, This means ta 


small value of k reflects Slower reaction 
. Ata fixed temperature, the Value of k isa 
Fora particular reaction, kis independent 


"Ber the value of k, faster will be the reaction Similarly, 


Ans., Consider a reaction: 
A+ B—+ Products 
According to law of mass action the rate is given by 
Rate = K{Al[8] 
or k = Rate. — Rae 
[AJ[B] cone. of reactants 


As the reaction Progresses, rate of reaction decreases due to decrease in concentration of reactants but rate 
constant remains constant as it is the ratio of rate of reaction to concentration of reactants, 


Q7i(I)" Differentiate between rate of reaction and rate constant. 


Rate of reaction Rate constant 


(i) It is the speed at which the reactants are | It is a constant of proportionality in the rate law 
converted into the products. expression. 


' Ax ~ Rate 
(li) Rate= rs fates WiReactants) ‘k= [Reactants] 


(li) It depends upon the concentration of | It refers to the rate of reaction at specific point when 
reactant species at that moment. concentration of every reacting species is unity. 


(iv) It decreases with the progress of reaction | It is a constant and does not depend on the progress 
generally. 


molecules whose concentration alters as a result of the chemical change is called order of 


“The number of reacting 
reaction.” © 
“The sum of all the exponents to which the concentrations 1 
Mathematical expression 
aA+bB—> Ct dD- 
reactants products 
Rate equation for this reaction is, 
Rate of reaction 
Order of reaction 


the rate equation are raised is called order of 


= Kaye? 


aatb 


The exponent "a" or “b" in the rate equation gives the orde: ‘i 
with respect to the individual reactant. Thus, the reaction is orem 
with respect to "A" and of "b" with respect to "B”. -2 fate= k 

=k(aT fap 


important points 
¢@ The order of reaction is an experimentally determined uanti * kis ther, 
calculated simply by looking at the reaction equation. : Hy and cannot be Teactio; ae Constant for the 
¢ Order of reaction provides us valuable information about the mechanism ofa * Mandnare the Orde; 
. Feaction with renee 
SPECt to the 


Zero Order Reg 


reactants A and g, 


reaction. 
© the overall order = Mtn 


The order of a reaction may be positive, Negative, zero or in fraction. 
ction 


“The reaction which is entirely ind. 
zero order reaction.” 


lependent of the concentration of reactant Molecules is called 


Mathematical expression 
A—> Product 
Rate = k[A]° “ sign indi i ; 
oo 20 : J (“®" sign indicates no change in concentration) 
Examples 
(i) All photochemical reactions are usually zero order reactions. oe 
(ii) H, + Cl, —S*™) ¥ no reaction conversion of grone ode 2) 
to oxygen (order -1), 
H; + Cl, “> 2HCI 
(iii) 2NH; —* + N, + 3H; 
Units of k = 
kyo) = mol.dm™.s"! 
der Reaction BY we: 
ters as a resuitor — «! 


“The reaction in which the molar concentration of only one molecule a! 
chemical change is called first order reaction.” fe 


Mathematical expression 


Example 


A —> Product 
Rate = k{A]' 
Order of reaction = | 


2N,0; —> 2N,0, + O2 
Rate equation for this reaction is 
Rate = k(N,O,]! 
Order of reaction = | 
Reaction completes in two steps: 
N,O, —**+N,0, +[O] 
N,0, +(0]—“4N,0, +0, 


Units of &, 
Rate = k[A] . 
i, = Rate mol.dm”.s”' -! 
[A] moldm”’ 


“The reaction’ in which the 
Molar Concentrations 
of two 
Teaction™ ‘aclant molecules alter as a result of 


chemical change is calleg Second onde 


mathematical Expression 
Examples 


KINO}'(0,) 
Order of eation = | +10" 


——S 
moldm” moldm” 

MeN ear oe ———pe 

naO ets obs 


te 
2 
“k, = mol dm” 3" ~T 
QB: (v) The unit of rate Constant of a 2nd order reaction is de mot” s but the unit of rate of Feaction is mol dm? 5" 
ohn er ere eaetion is mal dv ss 


ns. ie Of a reaction is defined as change in concentration of a substance dividea by time taken for that change 
Rate= as 
At 
Unit of Cgpeentration is mol dm’? and unit of time is second(s). So unit of rate of reaction is obvious i.€:, 
3 
fate 2 St”, matt 
at s 
; = mol dm?s* 
On the other hand, consider a second order reaction. 
A+B—> Product 
The rate of this reaction is giver by Rate = k{A)'8)’ 
ko Pe 
(A}(8] joc¥ proces 
To.calculate the unit of K, rate-unit mol dm sis divide by.units of concentration for A, Bseactants. 
Se mold? moras 
: + (nol dm mol dm”) 
dm! mots” 


ibe dm? mols" (or 2nd order) 


So, it is proved that unit of 
. ions of three reactant molecules alter as a result of the chemical 
A concentratt 
“The reaction in which the molar ¢ 
change is called third order reaction. 


Mathematical Expression 
3A —+ Product 
Rate of reaction = k{A]? 
Order of reaction = 3 


Ww 2FeCl; + 6KI —+ 2Fel; + 6KCI +1, 
Rate of reaction for this reaction = k[FeCh)'[Ki?? 
Order of reaction = 1 +2 =3 
So, above reaction is 3rd order reaction. 


Mechanism of reaction 


. : 
FeCl uy) +2K Iq) > Fel,., +2KCl.ay+Clz., 


2K Iq) + 2Chig) 9 2KClig, +1, . 


Units of k, 
b= Rate _ mol.dm”.s" 
[A] moldm?.mol.dm?.moldm> 


- k, = mol?.dm*.s* 
Hydrolysis of tertiary butyl bromide. 
CH; - CH; 


. 


| j = 
CH;—C— Br+H;0—+ CH;— C—OH + HBr 
I | 
CH; CH; 
4 The rate equation determined experimentally for this reaction is: 
Rate = k{(CHy);CBr] 


The rate of reaction remains effectively independent of the concentration of water because being a solvent, it is 


tin | excess. Such type of reactions have been named as pseudo first order reaction. 


The order of a reaction is usually positive integer or a zero, but it can also be in fraction or can have a negative 


\ value. 
Pe Example 
Consider the formation of carbon tetrachloride from chloroform. 
CHCIs 4) + Clay) —> CCl + HCl) 
Rate = k(CHCIs] (Cl3]'? 
The sum of exponents will be 1 + 1/2 = 1.5 so, 
Order of reaction = 1.5 


QS. (vi) The sum of coefficients of a balanced equation Is not necessarily Important to. give order of reaction. 


Ans. Order of a chemical reaction is not necessarily the sum of the coefficients of the 
because the order of reaction is determined experimentally and not from the balance 
eg. 2H, + 2NO, —> 2H,0, +N i 1d 0 
For this reaction, the sum of coefficients of balanced equation is 2 + 2 = 4 but the reaction #7 
experimentally verified that rate of reaction is directly related to conc. of H, and to the sua 
Of NO,. So the rate equation of this reaction is ! ; ; 
¢ Rate o (H,]'(NO,)” 
Rate = k(H,!"[NO,}? 
Order of reaction is sum of exponents of rate equation. So 
: Order of reaction =1+2=3 


ed chemical equation. 


balanced chemical equation 


der. tis 


a 
=— 
—— 
ans. The rate expression CaN oni 
concentrations of the re 
included in the rate quation, Th 


alter as a result of chemical gee" Of the 
is I reactic be 
experimentally, ‘reaction 


(i) Decomposition of N,0, 
The half-life period for the decomposition OFN:05 8 45°C is 24 mi 
Minutes. 
=—_ 
s 2N,0, +0, tia = 24 min at 45°C 
(st order reaction] 


: after 24 min 0.05 mol.dm” of N,O, will be left 
of NiO, will Femain unreacted and after 72 min (3 half times) 0.0)2 


It means that if we decompose 0,| i 
behind, Similarly, after 48 min 0.025 254) molar ne renee 
(12.5%) mol.dm™ of N,O; will remain unreacted, 

The haif-life period of Ist order reaction 
(ll) Disintegration of 725U 

The disintegration of radioactive ™*U has a halflife of7.1 10° oF 710 million years. f one kilogram sample 


dened wav cenp verted to dauphier elements in 710 million years. out of 0.5 kg of 735U,0.25 kg 
isi les in m ili y 5 a . 
i Seat ofihe ex! " atieton Line $0 the half life period for the disintegration of a radioactive substance is 


Half life period and order of reaction 


The half life period of any order reaction is inverse proportional initial concentration rai 
one less than order of that reaction . sa! hariaioes 


1 
[hah= _ 
where, tia = half-life period 
n= order of reaction 
= initial concentration of reactant 
For first order reaction 
n=] 


(tah « a 
a’ 


(tah « 5 


. 0.693 

Since [tah = ae 
For second order reaction 
n=2 


a8 
[tah < Pa 


1 
[tah < r 


1 
Si ah = —= 
ince ftah ka 


In f second order ion, thi 5 ‘ NOxy)+ No,,, Sun 
: case o} F reaction, the half-life period is inversely Proportional to the initial NO,,,+Co a, h 5 +N0,, (Rate determini 
reactant, f . e ) ing step) 
~, Concentration Ofte The first step is the rate nin NO, +00, ape 
For third order reaction ion intermediate. The reaction imemedia NO, which does not 
n=3 the products. Hemporay crise hip im the balanced equation, is called the 
: 1 aD cinta en a 1S unstable relative to the reactants and 
Wah x > a an. = ali Step and rate det 
a Leas, FEY Step: 
1 MOOD ans. 
(tia); oF. (i) Astep ina che, 
R ical rea 
is fastly that we are uni gen eR A Slowest step in reaction mechanism wn n 
J ie 1 * ism cl 
Since (tah = ka? Of reaction is called fast Step, “ete rate | determine the Overall rate of reaction is called ban 
; : ’ (li) e.g., for a reaction Getermining step. 
For a third order reaction,.the half life 


5 Period is inversely Proportional to the Square of 


initial Concentration “ 2NOy + 2H —, ZHOy+ New i) Step is the rate determining step, 
C ‘ . the steps of reaction ‘Mechanisms are Ninvolves 2 moles NO and one mole H, 
Q8. (ili) 50% af hypothetical 1st order reaction completes in one hour. The show 2NOw + Hy —Y 
+ The remain i. fa) 2NOw +H, NO + Hig > H,0,4 «Ny, 
one hour to complete. ‘ DING SO% needs more than ( ta) Hs > HO ag + Nag Oo * Nag 


(b) Hig + H,04) —2, 2.0, 
(b) step is fast step. 


(iii), Reactants of fast step are elimi 
equation. 


Ans. — The haff life of 1st order reaction is independent of the initial concentration of reactants, 


1 io “0% 
(ta) “7 ‘ 


inated from rate 


Reactants of slow Step are present in rate equation 
Le. Rate = k(H,)[NO,)? 


Sum of reactant coefficients of slowest step is the 
order of reaction, 


Order of reaction = 2+1=3 


For a hypothetical reaction, the half life is one hour, it means 50% of that.reaction is completed in first hour, 


(iv). Not able to determine Order of reaction, 


4 In the next one hour 50x = = 25% of reaction completes 


to 16 Mew 


wer) 210 bre bole i 
In the still next hour 50x a =12,5% of reaction completes and so on. Se, in order to get 100% completion o 


Determination of the rate of a chemical reaction 

af reaction, many hours are required rather than only one hour. ___ When the reaction goes on, the concentrations of Feactants decrease and those of products increase, the rate of a 
reaction, therefore, is expressed in terms of the rates at which the concentrations change. ‘ 

. (tv) radioactive decay Is always a 1st order reaction. 4 
4 OF (wu) The = Rate of reaction = SC = moldm” 0.10) 
4 \ Ans. A radioactive substance has a single species at a moment, whose nucleus undergoes disintegration. As only one a *, 0.09 i Ni 
7 reactant is involved, so it follows 1st order mechanism. : te ee re : , ‘ a im ped N 
ny eyesunp: rs ’ 
€.g., Half life of 7)3U is 710 million years. It means if one kg Uranium is present at start, after 710 million year Measurement. of rate from the grap! 


Rate of aichemical reaction always decreases with the passage of time during [HMo.06 LAK 
Progress of reaction. To determine the rate of a reaction for a given length of 4 0.05 
lime, a. graph is.plotted between time on x-axis and concentration of reactant on | o.94 
axis hereby a curve is obtained as shown in fig. ; 0.03 
Let us consider the decomposition of HI to Hy and |; at S06 CTs 0.02 
tls us that the change in concentration of HI for first $0 seconds rab 4 ont 
Mole dm? but 300 to 350 sec, the decrease is 0.031 motes dm” jaaeeneee 
‘lope of curve near the start of reaction, greater isthe rat of reaction ahi 
Rate of reaction from slope measurement 
To calculate the rate of reaction, draw 8 — 
The Slope of the tangent is the rate of reaction at * po! 
‘th a tangent as hypotenuse. Fig. shows that in 10sec, 


' 
le dm” _ 5 5, 19¢moles dm” sec 
Slope or Rate = aa a = 25x! 


kg of it will disintegrate and after next 716 million years 0.25 kg of it will disintegrate and,so on. 
Therefore we can say that half life of a radioactive decay is always a 1st order reaction. 


“Rate-determining step is that step of a chemical reaction which controls the raté of reactjon. Se ale 
Ifa reaction occurs in several steps, one of the steps is the slowest. The rate of this SO eels taking put 
Of reaction. This slowest step is called the rate determining or rate limiting step. The total’ number 
in the rate determining step-appear in the rate equation of the reaction. 
Let us consider the following reaction 
NOx) + COg) —> NOw + COxy) 
‘The rate equation of the reaction is found to be 


f seconds, on the curve and measure the slope of that tangent. 
: i a“ after 100 seconds. A right angle triangle ABC is completed 


the change in concentration is 0.027 mole dm’, and hence the 


Rate = K[NO}]? . nthe 
The reaction is second order with respect to NOx). Experiment shows that CO¢) 


determining step. The proposed mechanism for this reaction is as follows 


, is not taking par " 


ss 


} 


Methods for rate measurement 
There are two types of methods 

1 Physical Methods 1 Of Hy 
2 cm) 


: (mol, 
Chemical Methods } 2706 
n. PHYSICAL METHOD } ear 
The rate of a reaction can be determined b ees 


ry following physical methods, [a 
(i) Spectrometry {a 


This method is applicable if a reactant or eS 


Concentration 


0) 


Feactants mus, 
form a homogeneous mixture and collide with one 
\e 
: UHEY Biv rise to the nn S*PERAing y ener hese 
«i: The effective collisions sees *S€10 the pr Mt otherwise the BY of the colliding particles. When tl 
© place only. li \¢ colliding particles Just bounce back. 


(ii) 


Product absorbs ultraviolet, 


visible or infrared radiation. The rate of reaction cal 


they approach each other with the pragon”” ®¥En the cotigin 
B particl 
in be measured by my easuring atoms Which are requited to Take an Orientation (hope Seem sa Possess certain amount of energy and 
the amount of radiation absorbed. (iv) Hall the collisions among th nds should Collide with each, — ‘Means that at the time of collision, the 
A  Feacting g ach other 
ction is complet Pecies at a 
(Ni) Electrical Conductivity Method = om taal e een S Very short time. Most of We eso ae are effective in forming the products, the 
The rate of a reaction involving ions can be Studied by electrical conductivity method Th ivated complex INNES Slow showing that all he collisions 
solution depends upon the rate of change of concentration of the Feacting ions formed di : Conductivity OF such, Me 
conductivity will be proportional to the rate of change in the concentration of such ions STING the reaction The 
(ill) Dilatometric Method 
; This method is useful for those reactions, which involve small volume changes in solutions, Th \ 
directly proportional to the extent of reaction "TNE volume change s 


(iv) Refractrometric Method 
This method is applicable to react 
taking part in the chemical reaction. 
(v) Optical Rotation Method 
This method is applicable to only those reactions in which 
Optical active substances rotate the plane polarized light. The e 


substance. If any of the species in the reaction mixture is o| 
rate reaction. 


Polarimater 


“This is the instrument which is used to measure the angle: through; which plane polariged Fight isirotated by:the 
reacting mixture,” : 


2. CHEMICAL HODS| 


“The method which is used to analyse reactants or products chemically, 
is called chemical method.” 


In this method, the concentrations of reactants or Products are measured * 
by acid base titration, redox titration etc. at regular time intervals. 


For example 
The hydrolysis‘of ethy! acetate in the presence of acid: 


complex 
. Collisions of molecules 
Activated complex is an unstable Combination of all the at fc 
. . : n ‘oms involved in the reaction for which the energy is 
een aan ve sprees and decomposes into products immediately. It has a transient existence that is why it 
When the colliding molecules 
fly apart, If the collision is effective then the molecules fl hemi fferent otherw: 7 
just bone back. When the molecules slow down j va Inset a ees caspases arias 
the corresponding increase in their potential en 
path of reaction and the potential energy of the reacting molecules. 
The reactants reach the peak of the curve to form the activated complex. B, is the energy of ectivation and it 
‘ppears as a potential energy hill between the reactants and the Products. Only, the colliding molecules with proper 
activation energy will be able to climb up the hill and give the products. If the combined initial kinetic energy of the 
reactants is less than E,, they will be unable to reach the top of the hill and fall back chemically unchanged. 
Activation energy for exothermic and endothermic reactions 
The potential energy diagram is used to study the heat evolved or absorbed during the reaction. The heat of 
reaction is equal to the difference in potential energy of the reactants and products 
Exothiermic Reactions oF : ‘a! 
For exothermic reactions, the products are at a lower energy level than the reactants and the decrease in potent 
nergy appears as increase in kinetic energy of the products. 
Endotharmic Reactions ‘ i 
i energy level than the reactants and for such reactions » 
\\For endothermic reactions, the products are at higher me 
Continudus source of energy is needed to complete the aa 
Y 


Aotivated complex 


ions in solutions where there are changes: in refractive indices of the Substance 


anyone of the reactants or Products is Optically active 
xtent of rotation determines the Concentration of optically 
ptically active, then this method can be followed to find out the 


CH:COOC,Hs,,, + H:0,,, > CH,COOH,,, + C:HsOH,, 


The samples of reaction solution are withdrawn at regular time intervals 
and the amount of acetic acid produced at different time intervals is noted by acid 
base titration. A graph is plotted between concentrations and time intervals. The 
different concentrations of acetic acid are plotted against the time whereby’ a te 
Curve ‘ts obtained. The slope of the curve at any point will give the rate of Measurem| 


sis 
Feaction. Initially the rate of reaction is high but it decreases with the passage of ester hydroly’ Page erea 
ti When the curve becomes horizontal, the rate becomes zero. ene en path of reaction and the 
of Activatio fcsfoation (El “ araph Sntial energy of the reactlo 
“The minimum amount of energy required for an effective collision is called energy of actly 


The energy of activation of forward and backwar. 
reactions, the energy of activation of forward 
endothermic reactions. 


d reactions are different 
reaction is less than that of [aru 


(i) The amount of energy change (absorbed or 
evolved) during a chemical reaction at constant 
Pressures called enthalpy of reaction. 


(ii) ttis denoted by AH. 


ttis denoted by ,. 


(iii) tt gives us the information about the energy 
difference between reactants and Products. 


(v) AH=E+PAV 
“AH = Qp 


It gives the information about path of Feaction, 


It is always tive. 


E, = slope x 2.303 R 


( 
( 


vil) Related to thermo-chemistry. elated to reaction kinetics. 


4 
} nding the Order of Reaction ; 
‘The order of reaction is the sum of exponents of the concentration terms in the rate expression of that reaction” 
J It can be explained by the following methods: 
: 1, Method of hit and trial 
2. Graphical method i i f 3 d 5 
FY 3. Differential method : - 
ae 4. Half life method (Al tA) ote 1B 
. 1" Order 
5. Method of large excess zone Creer Reaction Reaction Reaction 
| Half life method ereceaene 
“Half life of a reaction is inversely proportional to the initial concentration of reactants raised to 
Jess than the order of reaction.” ° 
1 
(ale ry ; te and their half life pes 
Let us perform a reaction twice by taking two different initial concentrations a, sf 
are found to be t, and t; respectively. 
1 
em and tt, 5 
1 2 
: Dividing the above two equations: 


te 


(a) 


Taking log on both sides, we have 


R 
(vill) Remains same for forward and backward step | May differ for forward and backward step reaction, 
reaction. 


Method of large excess 
One of the reactants is ir 
substances in large excess p 
and the order is noted with Tespect to that, 
Factors Affecting Rate of Reaction} 
All those factors which chan, 
reaction. Some of the important fact 
1. Nature of reactants 
The rate of reaction a 
is controlled by the cecwonic crepe nt ron bia, tt te cama react of the substances 
e The element of IA Sroup has one electron in 
those of IIA group elements ha 
while Na reacts with explosive 


Most of the ionic reactions are 

than ionic reactions. 

2. Concentration of reactants 
The more crowded the molecules are, 

increase in the concentrations of the reactants w 


inthe concentrations will have a reverse effect, 
Example (i) 

Combustion that occurs slowly in air (21% oxygen) will occur more rapidly in pure oxygen. 
Example (II) . 

Lime stone reacts with different concentrations of HCI at different rates. 
Example (Iii) ‘ 

Let us consider the following ik Nowe ‘ 

2NO(y +2Hyy) —> +Nxp F 

In this reaction, Pe dh he form three moles of the products, napeedatenrst is decreased during the 

Progress of reaction. The rate of reaction between NO and H, at 800°C are studied by changing in pressure. 
Effect of Change in Concentrations of Reactants on the Rate of Reaction 

Initial rate 
min") 


ge the number 
lors as follows: 


Of effective collisions Per second, affect the rate of a chemical 


.their outermost s-orbital, and they react with water more swiflly than 
‘“etrons in their outermost orbital. For example Ca reacts at a moderae rare 


ving two el 
violence, 
. 


Very fast. Oxidation-reduction reactions involve the transfer of electrons and are slower 


the more likely they are to collide and react with one another. Thus, an 
ill result in the corresponding increase in the reaction rate while a decrease 


Table shows the results of six experiments. In the first thi 
keeping the concentration of NO constant. By doubling the con, 
concentration of H;, the rate is tripled. So, the rate of reaction is 


Rate « (H;] 

In the next three experiments, the concen 
fate increases four times and by tripling the concentration of NO 
Proportional to the square of concentration of NO. 

Rate « [NO]? 
Combining above two rate expressions: 
Rate « [H;][NO}* 
Rate = k{H;}[NO}?? 
Hence, the reaction is a third order one. The Proposed mechanism is 
2NO,,, + Hy,,, > N,,)+H,O 


H,0,,) + H,,,, > 2H,0 
Rate = k[NO}"[H,] 


2s) 


() 


3. Surface area 


The increased surface area of reactants, increase the Possibilities of atoms and molecules of reactants 1 
0 cOme in 


contact with each other and the rates enhance. 


Example (I): Aluminium foil reacts with NaOH moderately when warmed but Powdered Al reacts rapidly with cold Naoy 


and H; gas is evolved. 
2Al + 2NaOH + 6H;0 ~—> 2NaAl(OH), + 3H; 


Example (II): CaCO, in the powder form reacts with dilute H,SO, nore quickly than its big pieces, 


4. Ught 
Light consists of photons having definite amount of energies 


reactants are irradiated, this energy becomes available to them and rates of, 


Examples 
(i) The reaction of CH, and Cl; requires light. : 
CH, + Cl, —#@->CH,Cl+HCI 


(il) The reaction between H; and Cl; at ordinary pressure is negligible In darkness, slow:In day-light but explosive in 


sunlight. 
(iti) Light plays a vital role in photosynthesis. 


(iv) Photography is one of the best aspects of chemical reactions which are light sensitive. 


(v) The halides of silver metal are sensitive to light. 

5. Effect of temperature on the rate of reaction 

© — The collision theory of a reaction rates given us that the rate of 
reaction is proportional to the number of collisions among the 
reactant molecules. 


Anything thst can imorease the frequency uf collisions should 
increase the rate. 


* For a collision to be effective the molecules must to possess the 


activation energy and they must also be properly oriented, 

© For nearty all chemical reactions, the activation energy is quite large 
and at temperature very few molecules are moving fast 
enough to have this minimum energy. 


° All the molecules of a reactant do energy ata 
particular wenpereen NOt possess the same energy 


* Most of the molecules will Possess average energy. 


— 


Fee experiments the 
centration of H., the 


i, directly proportional 


tration of H is kept constant. B; 
the rate is inc 


depending upon their frequencies. When the 
reactions are enhanced, 


; 
F 


Hs 


A fraction of total Molec; F 
* 4s shaded as shown ie ae Will have energy 


» As the temperature j then 
« So the number of effective Collision : 
ir 


« When the temperature of 
doubles and so the reaction ae ae Raised 


‘son of molecule with energy more than E: foughly 


[increasing the temperature doet hot 
| curve changes. 


| agreater proportion of Molecules ex 


Arrhenius Equation 


The effect of temperature on 


change the 
tivation 
eNerBY OF the total umber of molecules the shape of the 


iCeeds the acti 
Wation energy at higher temperature. 


TAle of reac 


for many simple reaction is found to vary ye” iS €XPlained on the by 
Ary With tems? 2 Dasis of Arrhenius equation. The rate cons 
Hepa eMpertue. According a rpnedin equation. The rate constant “hk 
+ k ts exponentially related to activation 
: energy E, and tem, 
logarithm. E, and temperature T R tsa general gas constant and ¢ 1s the base ot 


«The equation shows that the inet 
Tease in i 
energy have low “k" values lemperature, increase the rate Constant and the reaction of high activation 


« . The factor “A” is called Artheni it 
j rthenius constant and it depends upon the collision frequency of the reacting substances 
* The equation helps us to Getermine the energy of activation Of the reaction as well, : 


* For this purpose, we take natural {og of Arthenius equation: 
In(k) = In(Ae®™) 
Ink = =InA+Ine=t 


E, 
Ink =InA+|-—2 
In (-Exe 
Since Ine =| (log of a quantity with same base is unity) 


E, 
Ink =InA-—t 
In In RT 


E, 
Ink eh 2) 
In Rr ¢ 


The equation (2) is the equation of straight line, and from the slope of straight line “E," can be calculated. tn order 
‘o convert this natural log into common log of base 10, we multiply the In terin with 2.303 


2303 logk = ~Et2BogA (Toe base of eommon tog is 10) 


Dividing the whole equation by 2.303 
E, 
= -—— + hog A GB) 
or logk = -s3o3Rr "8 
The equation (3) is again the equation of straight line resembling 
yr-mre 

% ofstrareht line Temperature is independent variable 

Vine and *¢ ol neta digi dies A ate cunstanls borg ve 


Where ‘m’ in is slope of straight 
N this equation while nite constant k 1s 
fection 


other factory Ihe | 


dependent variable The 


Y Tan 0® slope of straight line (a 


negative quantity 
because (ris grater I, 
0 than 90° Is negative) st °°» 8nd tan of angle mre 


‘\ 


a, rocess, which 
i ‘drawn seh vee Histor Met takes place i NPE a ae is called cata 
types ‘ » 
ts to jure 0 t) Homogeneous Catalysis led catalysis 


) Heterogeneous Catalysis 


(2) Homogeneous Catalysis 


“When the catalyst“and the » 


reactants 
homogeneous throughout, then it is calle hem the same Phase and the Feacting system is 
x The catalyst is distributed unifo r OUS Catalysis," ° 
re) K mly throughout the 
——> + (K") amples om 
i) The formation of SO; from SO, i 
Arrhenuls plot to calculate the energy of activation © ssa catalyst. Both the reactants and the elabtn DP Pes forthe manta o sulphuric acid needs NO 
When a graph is plotted between I/T on x-axis and log k on y-axis, a Straight line is obtained with a negative slo NO, ne eaes 
slope of the straight line is measured by taking tangent of that angle @ which this Straight line makes with the calle 2SOx + On, eens 2 
; E : si I i i 
slope is equal to ->—-t (i) Esters are hydrolyzed in the Presence of HiSO, Both the reactants and the catalyst ae inthe solution state 
x : CHsCOOC3H sig) + H;0,, = CHLCOOH, + C.H,0H, 
: zi a) 
Slopes OR (b) Heterogeneous Catalysis 
2. “ hy ar 

E,=-Stopex2.303R : casi NS O04 We ects win ite phe, en i called heterogeneous 

The straight lines of different reactions will have different Slopes and different "Ea" values. The unit of slope are tamples 

in Kelvins (K). tec : () Oxidation of ammonia to NO in the Presence of platinum gauze helps us to manufacture HNO, 

Slope= "0 
P 2.303Jk"' mol 


it 
CH=CH, + Hx = CHy-CHy 
Ten @ = slope = ve vaiue 


(iii) Manufacture of H,SO, by cori Process needs V,0., catalyst for the combination of SOx,, and Ox,, 
2054 
2800 + Or) > 2804 
e (i) The reaction of Hy and Ny in the 


Fe:Oys 


— Nava + 3H) == 2NHyo 
a. 


2NO, + 1/201 
ze ’ x O —*Reaction coordinate X 


(i) Differentiate between hompgeneous and heterogeneous catalyses. 
A diagram of “ST oS 
Arthenius ple fs gecompostion poral energy erat 


(i) tris catalysis in which the catalyst and reacting | It is catalysis in which the catalyst and reacting 
substances are in same physical state/phase. substances are in different phases. 


ICATALYS ; 
. A ‘ ins 
“A catalyst is defined as a substance which alters the rate of a chemical reaction, but remail 
chemically unchanged at the end of the reaction.” 
Examples ’ roceeds more ra 
I The reaction between H; and O; to form water is very slow at ordinary temperature but p 
the presence of platinum. Platinum acts as a catalyst. 


liquids or gases. 


idly in Pts 


ANH yy + S0riy ee AND) + 6H,0,, 


2H, +O, —*-+2H,O tata re 
2 Similarly, KCIO, d h idly in the presence of a small amount of MnO}. lysis and energy of activation decreasing the energy of activation of a reaction, A pes recta pl hi | 
imilarly, s decomposes much more rapi vn Rc1+30 troy, Catalyst increases the reaction rate by f molecules can cross the lower energy barrier as sho 1 
2KCIO, “> 2KCI +30, Vided to the, 0 
3 


nber of 
0 the reaction. In this way greater nun 


HCI is oxidized to Cl; in the presence’of CuCl). 
4HCI +0, —“-»2H,0 +2Cl, 


scholar’s CHEMISTRy | XI Subjec 
N ite) 


cf | Hey 2 
(ii) Ethyl alcohol BES eta Whe passed one ‘00H —« end 


hot 
CHOH wo, Minium oxide hut 


8 hot copper it gives acetalde'yva 


1H. 
C\H,OH& chen “1.0 (Dehydration of scones 
7. Temperature eee the role of SHO+H, (Dehydrogenation of alcohol) 
Some catalysts are physics, 
yy al 
decreased. Hered by Shange yn emperature and hence th 
—— ee ther catalytic power wy 
Colloidal catatysts like platin 
lum may be 
8. Catalytic polsoning Tay be conguated with the rise in temperature 
simealneasy The presence of some amount ; 
of fc 
poisons. ‘STEN substances which render them ineffective Such substances ate «afl 


Catalyzed and uncatalyzed reactions 


CHARACTERISTICS OF A CATALYS with the catalyst PEMIPEN In permaNE poionne. the psn eats emma 


1. Unchanged chemical composition Example 
\ Gslaly st remains unchanged in mass and chemical composition at the end of reaction. It (i) ‘The decomposition of H,0, is catalysed by colli 
e sbncohysucsl beats May not remain in the (ii) The presence of CO as an impurity wih teat Wan be rendered ineffective by traces of HC 
Examples for the manufacture of N! Teases the catalytic activity of catalyst yn the Haber's process 
. 4 Th nufacture of i 
(1) MuG iy added as a catalyst for the decomposition of KCIO,. But MnO; is regenerated at the end in the torm of a fine i impurities ithe ences Ba 
powder 
: ‘ . Activation of catalyst 
Gain some cases, the shining surfaces of the solid catalyst become dull. . , “A substance which Promotes the activity of a catalystis called a pro Mer OF activator It 
2. Effectiveness of a catalyst called “catalyst for a catalyst.” 7 es Promoter or activator Its 2 


if Sometumes, we used a trace of a metal catalyst to effect very large amount of reactants. Examples 


i Examples by using 


() | nig of fine platinum powder can convert 2.5 dm? of H; and 1.25 dm’ of O; to water. 

(1) Dry HC! and NH; don’t combine, but in the presence of trace of moisture, they give dense white fumes of NHCL. 

(11) Thousands of dm’ of H,Q; can be decomposed in the presence of | g of colloidal platinum. 

3. Surface area “When the rate of Teaction is retarded by adding a substance. then it is called to be a negative 
A catalyst is more affective when it is present in a finely divided form. . eange St or inhibitor. 

Examples : Tetraethyl lead is added to Petrol, because it saves the petrol from pre-ignition 

(A Jump of platinum will have much less catalytic activity than colloidal platinum. Auto-catalyst 


(UA finely divided mekel is used for the hydrogenation of vegetable oils. “The substance which is formed in the course of reaction sometime acts as catalyst.” ‘ 
Examples 


Wi 
\; 4- Equilibrium position remains unaffected (i) Hydrolysis of ethyl acetate generates acetic acid, which acts as a catalyst for further reaction F 


ae ‘libri established easier catalyst for 
catalyst cannot affect the equilibrium constant of a reaction but it helps the equilibrium to be CH,COOCH, + H,0 =— CH\COOH + C,H.OH 


' ic aci ¢ speed yrad 
The rates of forward and backward Sleps are increased equally. (ii) When Copper is allowed to react with nitric acid, the reaction s slow in the beginning W api pee Ks 
and finally become very fast. This is de tothe formation of nitrous acid during the reaction, hich accel 


5. Thermo-dynamical condition ; shanism of a cats! 
A satalyst cannon start a reaction, which ix not thermodynamically feasible. The mec Process ; ? is slow at the beginning but after sometime MnSO, produced in \ 
(M1) The reaction of oxalic acid with acidified KMnO, ye 
seactin: | "1 from that of an uncatalysed reaction. th 
6. One reacion one catalyst ily woth ty ¢ reaction makes it faster. ‘ 
pre aree cessaril Me catalysis 
ction it may nol neces’ ys! 
‘is specific in its action. When a particular catalyst works for one reactio ign catia 


r the liv ung 
id catalyze the organic reactions in f 
° otein molecules an 
sts may change ae : 
‘hte Hd ttcrent eataly sts are used for the some reactant then the product iy cells.” ese cite SO 
a y 
7 ve been identified at 
the | Many enzymes have be : 
aboratory in 1969 


esence of Cu metal 
eHheC oF ALOL, but yives He and COs in the presence? 


HWOOOH -"" 4HO+CO 


Determination of th 
Products at regular ‘ rie 6 
Products can be 


ions Men M and chemical 


Of energy Coltiding species yy 5 
CuO, +H,O—™ 50. 6 46 ho Wiese which i called the Sr At DE only when the reactant molecaes postess 
(c) Glucose is converted into ethanol by the enzyme zymase present in the a, x Some of the wich change the number aes TBP eels io 
C.H,,0, —2™" 520. OH + — catalyst, OM tr ae, natn wed coe lions Per second, affect the rate of chemical reaction 
Mode of enzyme action ants 2 9. ‘ catalyst.is a Substance. Which alters Hon of reactants, surface ‘area, light, and temperature and 
i the end of reaction, The the rate of a chemi 
Enzymes have active centres on their surf 5 . homogen i 8 ope ation but itself remains chemically unchanged 
into their activities just as a key fits into a lock. Thr schaton tetris substrate, fit substance, which In case ofh mented canlya it wae oe ‘a wd me 
form complex, reacts and the product get out of the cavity immediate! © enters the cavities formed acts as a catalyer 9. Sctvity Of a catalyst, is called tnd the reactants are in different phases. A 
mediately, Lock and k 10. Enzymes are the comics” iscalled aun ene Promoter OF activator. In certain reactions, a product 
ey ‘i PIEX proteiy i" . 
In 1913, Lenor Michaels and his student, M.L. Menton, studied the mechanism of sneyme catalan molecules, which catalyze the reactions in the living cells. 
E+S=—=Es__,pif 'sm of enzyme catalysis ’ 
Where E=Enzyme _ S = Substrate (reactant) SOLVED Obsective Exerc: 
z= ES = Activated complex, P = product 
, 5 I " 
Characteristics of enzymes catalysis oO hie — actos 
tg : Tate is independent of: 
Z ‘a ‘on prvi eg catalysts like inorganic heterogeneous catalysts. They are unique in their efficiency and haves ed Temperature of reaction bs ion of reactants 
J . ; ¢) concentration of products d) oN 
(a) Enzymes are the most efficient catalysts known and they lower the energy of activation of a reaction, Gi) the rate Equation of a reaction 2A + a eards nao 
, (b) ice for example, urease catalyses the hydrolysis of urea only and it cannot hydrolyze or {B] and Ais presen in —- order of reaction is 
) (c) Enzyme catalytic reactions have the maximum rates at on optimum temperature. (iii) (©) 3 . (4) None of these 
(d) The pH of the medium also controls the rates of the enzyme catalyzed reactions and the rate Passes throu a pe rate of reaction: . 
maximum at a particular pH, known as an optimum PH. The activity of enzyme Catalyst,is inhibited by a poison : nen bee ih Twectvon proceeds 
bean eas : Feases as the reaction proceeds 
(e) The catalytic activity of enzymes is greatly enhanced by the presence of a co-enzyme. (c) remains the same as the reaction 
(d) may decrease or increase-es the reaction proceeds 
(iv) With the increase of 10°C femiperatire tie rit of reaction doubled. This increase is due to: 
(a) decpease in activation Hergy of reaction 
Ste ase in number of collisions between molecules 
; i (c) increase inactivation energy of reactants. 
1. The studies concemed with rates of chemical reactions and factors that affect the rates of chemical reactions wt @ freee ~ aay fective collisions ‘ 
the mechanism of reactions constitute the subject matter of reaction kinetics. ‘ habe (V) The unit offrate constant'is the same as that of rate of reaction in: 
2., The rate of a reaction is the change in the concentration of a reactant or a product divided by the A ee (a) firSt order reaction (b) second order reaction 
reaction. The rate of reaction between two specific time intervals is called the average rate Occ ‘ Zero order reaction (d) third order reaction 
rate at any one instant during the interval is called the instantaneous rate. Rate constant of a chemi - Og 
rate of reaction when the concentrations of reactants are unity. son of chemical ett olved Exercise MC 
3. Order of reaiction is the sum of exponents of the concentration terms in the rate expression Fe chemiel equation Nin rath : 
The exponents in the expression may or may not be different from the coefficients o tion of reactants} "The seaction which is entirely independent of the concentration of reactant 
Order of a reaction may be zero, whole number of fractional, products Half-life peril .(b) concentratior molecules is called zero order reaction, , 


4, Half-life period of a reaction is the time required to covert 50% of the reactants into 
An any reaction is inversely proportional to the initial concentration raised to the power one | 
that reaction. ining step. 
5. The step which limits how fast the overall reaction can proceed is known as the rate determi 


less than the 


Rate = k[A]” 
When the reactant is in excess its concentration does not effect the rate of 
reaction so the above reaction is first order reaction. 


(d) increase the number of 
effective collisions 


Q2. : 
{i) The rate of an endothermic reaction with increase in temperature. 
(ii) All radioactive disintegration nuclear reactions are of Order, | 
(in) For a fast reaction, the rate constant is relatively and half life is 

liv) The second order reaction becomes if one of the reactants is take, 
(v) Arrhenius equation can be used to find aut 


\ of a reaction 
ANSWERS 


(iv) Pseudo first 
(s) energy af actnaton Ce 
Q3. Indicate true or false: 


(i) The half life of a first order reaction increases with temperature. 
(ii) The reactions having zero activation energy are instantaneous. 
(iii) A catalyst makes a reaction more exothermic, 
(iv) Theré isa difference between rate law and law of mass action. } 
4 (v) The order of reaction is Strictly determined by the stoichiometry of balanced chemical equation, 
} ANSWERS 


‘ Lo fake [cote [irae [fase Te 


SHORT ANSWeRs To Exerc! 
Q16. Define the following terms with examples. 


(i) Homogeneous catalysis: 


Nn in large excess, 


(iii) large, small 


= * A 0 talysis 
Ans. The Catalysis in which the Catalyst and the reactants are in the same phase is called homogeneous cataly: 
eg. 


<a 


ysis 
vo i erogeneous cata 
Ans. The catalysis in which the catalyst and the reactants are in different phases, is called heterog 
eg, Ni | 
1 CH, = CH, +H, == cH, -— CH, 
Pt) 


2. ANH,,) + 50) ===> 4NO 4: + 6H,0,,, 


The Phenomenon IN WHICH tne, Catatyt: 


Promotor, activator or Catalyst for a “ ACtIVitY Of the Catalyst 


Felcatalyst) 
>: === 2H, 
(ALO, Mgo) €r,0, promotor 
Ni (catalyst) 


AST a ES Cth 
(ethene) Cu/Te (Promoter) {ethane) 
(iv) Autocatalyst: 
Ans. Asubstance Which is produceg ina chemical 


reaction and acts as ac; fal ‘ NH 
e6, the (Slowing sebcihe ‘atalyst is called autocatalyst. 


eg, Ns 3H, 


uring thy ufact 
. » During the Manufacture of 4,50, by contact Process, V.0, is used as a Catalyst im contact tower to Produce 
250, +0, ===> 250, 


V,0, {s) 
Arsenic is a poison to this Catalyst 


(vi) Enzyme catalysis: “s 


Ans. 


&8. — hydrolysis of urea is done by urease, 
fe) 
it Urease 


Ans. Its equal to the fate of reaction when the concentration of Feacting substances are taken as unity 
Consider a reaction 
aA + DB —» Product 
Rate of reaction « (A]"{B)° 
Rate of reaction = k{A}"[B}° 
If [A)" = [8] = 1 then 
Rate of reaction =k 
K is called specific rate constant or velocity constant of reaction, 


NH. ~C—NH, + H,0 <== 2NH, + CO, 
(vil) Specific rate constant: 


th example: 
Q17. Briefly describe the following wit 
0) Change of physical state of a catalyst at the end of reaction. 


NH—C—NH, + H,0 equ aNH, + CO, 


470 
Chapter 14 (Reaction 
Ans. A catalyst remains unchanged in mass and chemical composition at the end of . trate, 
a chemical re, 
acti 


physical appearance may change. io 
(a) eg, | 2KCIO,——+ 2KCI + 30, ” but 


(Mn0O,) 
MnO, is used in the form of granules for the decomposition of KCIO, t ig. In the reaction of NO ang _ 
o) Hit 
be converted into powder. 110 produce O;. At the €Nd Of reaction it half changed In to2 seconds tnanother ee Squimolar mixture of gases at 340.5 mm of Hg pressure 
(b) Reaction where metallic catalysts are used, at the end of reaction s s completed In 140 second. Calculate order with an initial pressure of 288 mm of Hg the reaction half 
urface of metal ca ‘ e of reaction, 
of luster). in be tarnisheg (oy Given data: 
(i) For first experiment 
(i) A very smail amount of a catalyst may prove sufficient to carry out a reaction. Initial Concentration = a, = 340.5 mm of i 
Ans. A catalyst is always added in trace amount to speed up a.chemical reaction. e.g —== (ii) Ponder ei i ao2 second : 
; + eB, >F 2nd experiment 
(a) 1g of colloidal Pt can decompose thousands of dm? of H,0,. Initial concentration = a, = 288 meet 
2H,0, —» 2H,0+0, shes Half life = t, = 140 sec 
. . juirement: 
(b) Dry HC! and dry NH, do not combine with each other but a trace amount of moisture give dense fumes of NH.o n= order of reaction =? BY 
NH, + HCl —2°- nH,cI 5s , 
(c) 1.mg of powdered Pt can convert 2.5 dm’ of H, and 1.25 dm’ O, into water. 
2H; +0; —+ 2H,0 
——————————————————————— — — — — — — — — eee 
(ii) A finely divided catalyst may prove more effective. 
Ans. A finely divided catalyst has increased surface area. Thus rate of reaction is increased as compared to a reactor 
where a foil, sheet or compact form of catalyst is used. 
es 
(a) Lump of Pt has less catalytic activity than colloidal Pt. 
(b) Finely divided Ni is used in hydrogenation of vegetable oil than a foil of NI. n ere ‘Jog(0.7286) 
Pa dik Ace tld Serv log{0.8471] 
(w) Equilibrium constant of a reversible reaction Is not changed In the presence of catalyst. ———— (0.1375) 
n 2|+———— 
Ans. Consider a reversible reaction (-0.0721) 
A+ B memmeeem C+D n =14+1.907 
Its equilibrium constant can be written as n = 2.90723 
(CID. Answer: Order of reaction = 3 
= Cc } 
©” [AI[B) of ttt Q20. A study of chemical kinetles of a reaction 


ses the rates 
Most of the equilibrium reactions are slow so an appropriate catalyst is added ses actatin energy: A+B —> Products 
forward and backward reactions to establish the equilibrium earlier. A catalyst dec rectthe Ye of reaction gave the data at 25°C. Calculate the rate law. 
As no effect is observed for Ke or its position. Therefore addition of catalyst does not et / 
(v) A catalyst is specific in action. a Experiment 1 


Ans. It means that a particular catalyst works for one reaction. Experiment 2 
It may not necessarily work for any other reaction. Experiment 3 


i e. 
If different catalysts are used for the same reaction, then products may chang! eeimens 21s 
Rate of a chemical reaction can be alte 


he conc. of (A] or (8). 
ie that of conc. of [A] is doubled. 


€.g., reaction for decomposition of formic acid. 
' \ nt 1 and experiment cone: doubling the concentration of [A] so 
(2) HCOOH —“U2-, H.0+C0 eh beg ial that rate of reaction also doubles by 
(b) ~~ HCOOH —S*-» H, + CO, ction in reversible reactions Rate cc (A]’ (with respect ile of {A} is same but conc. of {8) is attered. It is observed that by increasing 
nt 34 zi 
A catalyst suitable for a forward reaction, may be used to carry out 8 back reat In experiment 1 and experime esto same extent 
‘ the reactant (B) the rate incre? 


° 
i) Urease 


(with respect to [B}) 
The overall rate of reaction is 


Rate = [A]'(B)' 
Order of reaction is sum of exponents of [A] and [B)=14+1=2, 


Scholar's CHEMISTRY XI (Subject 
ive) 
(i) Data: 473 
0 kJ mol 


$0000 J mor! 


T= 25°C + 273 = 298 x 


Answer: Rate equation is R= 8.313) K" mol” 
Rate « [A)'[B}' Requirement: 

Order of reaction is = 2 ef"? 

2nd Method: Calculation Solution 

Order of a reaction can be calculated with respect to a reactant by a formula Ea _ 50000 | 28 
conc. of reactant in experiment 2 te of experiment 2 RI 2383 8313 3 
conc. of reactant in experiment ~ ‘ate of experiments ; aa i. 5 

=.71x 


Qa. 


) 
(Hi) 


NU) 


Order of reaction with respect to A: 

We can compare experiment 2 and experiment 1 
Given data: 

conc of reactant A in experiment 2 = 2 mol 

conc. of reactant A in experiment 1 = 1 mol 

Rate in experiment 1 = 4.2 x 10° 

Rate in experiment 2 = 8.4 x 10° 

Requirement: 

Order of reaction with respect to [A] = ? 
Solution: 


2 =2 
Means by doubling the conc. of reactant [A] rate becomes doubles so Rate ~ jA] 
Order of reaction with respect to 8: 
We can compare experiment 1 and experiment 3. 
Given data: 
conc. of reactant B in experiment 1 = 0.15 mol 
conc. of reactant B in experiment 2 = 0.2 mo! 
Rate of reactant in experiment 1 = 4.2 x 10°° 
Rate of reaction in experiment 3 = 5.6 x 10° 
Requirement: ? 
Rate of reaction with respect to (B] = ? -_ 
Solution: ‘ 

0.2 5.6x10° 

2 


01s “Far107 
1.33 


1.33 

!t means rate of reaction increases in a same proportion as [8] increases so 
Rate « (B)' 

Overall rate: 
Rate « [A]'[B]! 

Order of reaction: 

14482 


Some reactions taking place around room temperature have E, around 50 KI mol - 
What Is the value of factor et#/*" at 25°C. 
Calculate the same value at 35° and 45°C. 


doubles. 
Prove that for every 10°C rise in temperature, the factor gets doubled so rate also do’ 


Answer: 
(ii) (a) Given data: 


Answer: 


Answer: 


See Se e—Ew_eesem 
ill) Comparison of value of eat a5*, 35° and 45°C. 


es 1.71 «10° 


Ea = $0 kJ mol” = 50000 J mor” 


T= 35°C + 273 = 308K 


R = 8.313 J mol ‘kK 


Requirement: 
tant 
e =? 


Solution: 


ets 3,31x10" 
(b) Given data: 
EB = 50 kJ mol” = 5000) mo!” 


T = 45°C + 273 = 318K 
R = 8.313 J mol K" 
Requirement: 
en 2? 
Solution: 

= 20000 __ 18.914 
R 318 8.313 


eT L948 64x 10% 


e TS 6x10" 


Given data: 

at 25°C, e "= 4.71%10" 
at 35°C, e “A = 3.31410 
at 4s‘C,e "= 61x10 "=e 
Requirement: 

Comparison of e, and e; =? 
Comparison of e, and @.=? 
Solution: 


=e 


2 


¢ 
and 


¢ 
. of ~ "i 
For comparison take the fatlos 4 e 


_ 331x10% 
1.71x10% 
means e, > e, by a factor 2. 


2 


=1.93=2 
¢ 


¢; 6.1x10% 
b = = > —> =184=2 
(o) e 3.31x10° . 
means e, > e, by a factor 2. 
Proof: 
Value of e“™™" at 45°C is double than that at 35°C. This value is j c 
islous ue Is in turn double than value at 25°c. 
AS according to Arrhenius equation kK = Ae™" Rate of reaction also be 
’ co! ; 
temperature. Me double by a io% 


us temperatures have been collected, 
Rate constant (k) (cm? mor 5" 
6.814 x 107 
2.64 x 107? 
0.56 x 10° 
7.31% 10° 


66. 
(() Plot a graph between 1/T and log K. 
(i) Measure the slope of straight line and calculate the energy of activation for this reaction. 
Ans. 


6.814 x10 


1.81 107 = 0.0018 2.64 x 107 
1.66 x 10 = 0.0016 0.56 x 10° 
1.53 x 107 = 0,0015 7.31% 10° 


1.42 x 107 = 0.0014 
To plot a graph 1/T is taken on x 
Scale of graph: 


x-axis: A big square = 0.002 K* 


66.67 x 10° 
-axis and log k is taken on y-axis. 


Scholar's CHEMIS' 


TRY — x1 (Subjective) 


= -8300 K 
| g = —Slope x 2.303R 
= ~{-8300) x 2,303(8.313) 
= 158902.1637 Joules mol’ 
— = 158.9 mot! 


| OLVED EXAMPLES) 


Example (1): 
Calculate the half lite Period of the followi 
2Hly = Hig t hig 
The value of rate constant k = 0.079dm! 
Rate = K [HI] 
| ‘Ans. Given Data: 
Initial concentration of HI = 0.05M 


Rate constant = k = 0.079 dm’ mole’ sec” 
| Required: 


Half life period = tt, 1, =? 
Solution: 


According to equation it is second order reaction. The half life period of second order reaction is 


G,. “Ay QelteVesy nue 


| ing reaction when the initial concentration of HI is 0.05M, 
| 
| 


mole” sec” at 508°C and rate of expression is 


ka 


So, 


Sb 


(0.0794m?mot" sec)(0,050moldm™) 
1 
* 0.079 x 0.05 °° 

[tyr]: = 253 Sec Answer 


4 
A 
> 
3 -axis:_A big square = 1 whole number 
: (ti)___Finding slope and E, values fromfinal = | 
To find the slope from graph we pn calculate base and perpendicular by subtracting initial va 

values. 
| (a) For base: Initial 1/7 = 0.002 
Final |/T = 0.0014 | 
/ Difference = 0.0014 - 0.002 
: { = -0.0006 | 
fi j (b) For perpendicular: initial log K = -3.16 | 
Final log K = 1,82 | 
Difference = 1.82 ~ (-3.16) | 

= 4.98 


Perpendicular 


Slope = Hypotenuse Base 


0.05 : 
So, in 253 seconds, the half of HI i.e. “> =0.025 moles is decomposed. 


" 
aig = decomposition of N,O at 760°C, the time required to decompose half of the reactant was 255 


seconds at the Initial pressure of 290mm Hg and 212 seconds at the initial pressure of 360mm Hg. Find the 
order of this reaction. 
g Data: ; ; 
is an pressure of N,O are the initial concentration 
a, = 290mmHg t, = 255 seconds 
a, = 360mmHg t, © 212 seconds | 
Required: 


Order of reaction = n=? 


Sector's CHEST RY 10 (Subjective 
e) 


Example (3): 
A plot of Arrhenius equation for the thermal! decomposition of NA 
—§400K. Calculate the energy of activation of this reaction. 

Ans. — Given Data: 

Slope of straight Une = —5400K 
Required: 

Energy of activation = E, =? 
Solution: 


0, is shown in figure, Slope is found to be 


H 477 
impo: 
I rta 
| Why the reactions having rant Previous Board Questions 
} a The reactions happen due to Collison” activation have faster rates? 
e | @ What are the controling factors ccs pps Dutallthe colisions are not fruitful. sustity« 
La 
: ; 
Putting the — in the above equation Answers dy Scholars CHEMISTRY (Objective) x1 
5 log) “~~ | 
L212) 
n=14+—t 
ow, 300! 
_. 9.0802 | 
"= 1* 0 oga0 | 
n=1+40.85 =1.85 = 2 Answer | 
1.85 15 close to 2, hence the reaction is second order } 
| 
| 
' 
! 


1 
The reaction is N,O, ===> 2NO, +79, 


——+ log k 


Equation used 
€, = -slope x 2.303R 
R = 8.3143)K' mole” 
Putting the values 


Ea = -(-54000K) x 2.303 x 8.3143JK" mole” 
Ea = 103401mole" 


E, = 103.401kJ mole"! Answer 
Additional Questions 

3 Peeersroenerarerreremmme eee eae 

Q. Differentiate between Molecularity and Order of reaction. ee 

Order of reaction —aignsorie 

jonceni 

1. It is the total number of reacting species (molecules, | itis the sum of powers of reas of the reaction. 
2toms or ions) which bring the chemical change. reacting species in the rate ed) 


itive Of 
|, positive 
it may be a whole number, zero, fractional, Pi 
Negative. — 
It is experimental determined 
itis meant for (he reaction ane 


steps. 


Mis a theoreticar concept. 
4. Wis meanmyfal only for sumpie re, 
‘dividual steps of a Complex reacti 
less for Overati Compiex reaction. 


nt forits individual 
actions or 


ion. It is meaning 


